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Abstract
The world of robotics is rapidly changing. No more are the days of robotics classes
being taught that focus merely on highly industrial, automation robots. Today's robotics is
focusingmore and more on microcontrollers and their implementation into everyday life.
Miniature robotics and how it is implemented to make common tasks easier is becoming the
focus ofmany robotics classes across the world.
Microcontrollers allow users to control several inputs and outputs to complete
somewhat difficult tasks. In today's society, one might find a microcontroller in anything
from a computer to the average household toaster. As time has passed, microcontrollers have
become more powerful with an increased ability to control more and more inputs and
outputs.
In many industries, pipe inspection is critical to success. Leaks and cracks in pipes
and tubes can lead to multisystem failure. Sometimes the pipes can be impossible to inspect
with the human eye due to their length and location. Rather than use an umbilical corded
system that would require many feet or miles ofcable, it is highly desirable to create a
wireless system to complete the task ofpipe inspection and repair.
The purpose of this project is to utilize microcontrollers to control two robots to
complete the following tasks:
Locate a hole in a random length ofpiping.
Communicate the hole position between the two robots.
Simulate the sealing process of the hole.
Through the completion of the above-mentioned goals, this project marked the
beginning of the Laboratory ofAutonomous CooperativeMicrosystems (LACOMS) at
Rochester Institute ofTechnology. The final version of this project will allow forwireless
communication between two robots, making the task doable with no human interference, and
hence, the two robots will be totally autonomous. Future versions of this project can then
focus on miniaturization of the current work on a MEMS scale.
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There are several main issues that this project deals with. At first glance, themain
problem seems to be locating and sealing of a hole in a pipe or tube. This problem needs to
be solved via multiple robots that can communicate autonomouslywith each other to solve it.
In the area of communication, since this project is the first under the LACOMS
group, wireless communication is highly desirable. Amain goal of the project is to be able
to show communication between two ormore robots at the conclusion of the testing. By
usingwireless communication, this project can be built upon with future projects that will
communicate with even more robots.
In the area of task completion, the goal ofhole sealing is one that required much
design and development to complete. Throughout this write-up one will see how the design
of each robot and its components took place. The ultimate goal is to utilize several different
sensors to find a hole, and then send this information to another robot. This second robot
would in turn use various sensors to fill the holewith a specified sealant.
The problems in this project are quite unique in that they have never been solved
before. As one will be able to see in the literature search portion of this report, usingwireless
communication to complete the task ofhole sealing is something not yet done as of the time
of this report.
In today's society there aremany robotics projects that are on-going or already
developed that feature multiple robots that complete a task together. However, there are
hardly any that use wireless communication. Those projects that do use wireless
communication do not feature any task completion. On many of the wireless projects that are
in production today, the only goal of the wireless communication is to transfer information,
and not to complete a task. The following is a review ofprojects currently being used in
industry today, and some that are currently in production.
1. Umbilical Corded Robots
1.01 R. Brooks Associates, Inc. - Pipe Crawler. This robot is manufactured locally
here in Rochester, NY by R. Brooks. It features visual inspections in varying lengths, sizes,
and types ofpiping systems [1]. It also has video probes that enable it to send viewable
images back to the operator via umbilical cording. Inmany of the products that will be
reviewed in this paper, it is notable that several have umbilical cording. This is one of the
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areas that this project is looking to move away from, due to the fact that with a cord, come
serious limitations. To continue with the Pipe Crawler, it has the capabilities to work in
either wet or dry environments [1] while overcoming rough terrain. Should a tool be lost in a
piping system, a user can utilize the on-board camera to look for it, and then allow the robot
to recover it. The pipe sizes that this crawler can inspect are from
V"
to 24 inches [1] with a
length ofup to 500 feet. The pipe Crawler is visible in Figure 1 .
1.02 R. Brooks Associates, Inc. - Radigan Runner. This robot is more for heavy-duty
projects and can be seen in Figure 2. The Radigan Runner is completely submersible, while
still being able to maintain a complete vision system [1]. "The
Runner"
can transverse across
both horizontal and vertical piping and can move from one pipe diameter to the next without
any system modifications. Also, the Runner can carry up to 400 pounds. The Runner also
carries a separate robotics-articulating arm, which can access areas away from the central
robotics carrier. This tool can carry camera inspection systems, repair tooling (i.e. grinding,
welding, etc.) or other types ofNDE devices. Examination ofwelds, blocks, jacking screws
and other critical elements can be obtained through the use of this tool [1]. Themain
drawback to this system is that it is again controlled via umbilical cording. The system can
travel up to 500 feet before the cording runs out.
1.03 R. Brooks Associates, Inc. - Walker/LIP. This robot is specifically designed for
to perform remote visual inspections in large pipe diameters [1] and can be seen in Appendix
A, Figure 3. This is the robot that revolutionized internal piping inspections and repair
processes with its 5-degree of freedom miniature robotics arm, the ability to deliver heavy
payloads with excellent maneuverability in wet and dry environments both horizontally and
vertically. This robot is quite similar to the Radigan Runner,
which was reviewed previously MMkk^^a\ m m*s sectin of the report.





The robot can transverse down a pipe by its wheeled legs that extend out to grip the pipe wall
on three different sides. Furthermore, any vision system can be attached to this robot to view
the pipe systems as the robotmoves down the tube. The Walker is both an inspection tool
and a delivery vehicle [1]. It can carry a payload ofup to 100 pounds while a telescoping lift
platform can deliver tools 10 feet away and can be interchanged with other tooling, such as a
robotics arm, repair tooling, or a single arm manipulator [1]. The Walker can accommodate
pipe sizes from 26 inches to 30 inches. The Walker also has onboard encoders so the user
will always have positive position location. Finally, theWalker's main drawback is that it is
again umbilical corded, and thus can only reach a distance of 500 feet.
1.04 R. Brooks Associates, Inc. - MiniWalker. This robot is an offspring of the
Walker/LIP. It can be seen in Figure 4. The main goal of this robot was to create a smaller
scale version of theWalker/LIP so it could be utilized inmuch smaller pipe diameters. The
MiniWalker is a delivery vehicle, a visual inspection system, a repair tool, a retrieval device,
a testing mechanism, and a cleaning implement. It is capable ofperforming comprehensive
preventative maintenance and repair activities [1]. Grinding, torching, welding, UT, and PT
end-effectors can be adapted and delivered by these systems. TheMini-Walker can
accommodate pipes as small as 6 inches and operate in wet or dry environments. However,
since it is umbilical corded, it can only reach distances of300 feet.
1.05 International Submarine Engineering Ltd. - Magnum Subsea
Manipulators. TheMagnum project featured the creation of seven function master/slave
and force reflecting manipulators. Some of the tasks that thesemanipulators could be used
for are: clearing sand and mud, jetting and brushing operations, wall thickness
Figure 4: MiniWalker Figure 5: Magnum Subsea
Manipulator
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measurements, cathodic protectionmeasurement, anode installation, transponder change out,
stab in ofguidelines, valve turning and bolt torquing, cable cutting, salvage, grinding, drilling
holes, and intervention [3]. This magnum manipulator can be seen in Figure 5. It is basically
a large robotic arm that can operate underwater. The arm is hydraulically driven, and thus
has the limitation ofhaving umbilical cording, and thus preventing it from moving across
long distances. However, it is a good example of an underwater work cell, as such may be
the case in a pipe that is being searched.
1.06 Aquatic Sciences Inc. - Remotely Operated Vehicles (ROV) for Underwater
Pipeline & Tunnel Inspection. This project was developed by Aquatic Sciences Inc.
(ASI) in St. Catharines, Ontario Canada. The goal of this project was to produce a device
(pictured in Figure) that could inspect flooded pipelines and runnels, and open waterways via
video and sonar inspection. These vehicles are designed for long-range pipeline and tunnel
inspections. The Mantaro was originally designed to inspect the 20 km headrace tunnel at
the Mantaro hydroelectric facility in Peru [4]. With the long distance that the Mantaro could
travel, it could utilize access points at each end of the tunnel [4]. The Mantaro requires a
minimum internal diameter of3.0 meters. However, Aquatic Sciences has since made
smaller versions to fit in smaller pipe diameters. The primary use of the Mantaro is to
inspect the structural integrity ofvarious pipelines. The Mantaro can also be retrofitted to
add various capabilities such as pipe repair so that lines can be inspected, repaired, and re-
commissioned in a single multi-task [4]. TheMantaro is unmanned, but once again needs to
utilize an umbilical cord to communicate information. In this case, the cord is extremely
long, and thus quite bulky. The Mantaro
travels via twelve variable speed thrusters:
eight rear, two vertical, and two horizontal
(side) thrusters provide accurate station
holding [4]. Fiber optic telemetry and power
transmission leads are encased within the
tether umbilical cable, which is fourteen
millimeters in diameter [4]. Contour rotating
motors provide up to 68 kg (150 lbs.) forward
thrust, which is sufficient for operating against
Figure 6: Mantaro Vehicle & Pipe
Inspection
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intake flows ofup to 0.76 m/sec (2.5 ft/sec) [4]. The smaller ASI Pipecrawler is unique
because it moves on two clutched tracks, which can be cambered to provide optimum
traction [4].
1.07 Roper Resources - Scallop Vehicle. Perhaps the most popular (and most copied)
remotely operated submersible is the Scallop Vehicle (Pictured in Figure 7). The scallop
vehicle was one of the original ROV's. In this case, the Scallop utilizes 24 VDC, a color or
monochrome CCD video camera, two quartz halogen lights and three thrustermotors [5].
The vehicle is completely controlled from the surface via a buoyant 250-foot tether cable [5].
1.08 Inuktun Services Ltd - IPNS Internal Pipe Non-Destructive Examination
System. This robot system was developed by several different corporations for Pacific Gas
& Electric. The vehicle was designed to operate in twenty-two inch natural gas pipe and
perform non-destructive examinations of the welds [6]. The IPN examination system utilizes
three pairs ofMiniTracs for the transport platform [6]. Furthermore, the system is capable of
remote operation to a distance ofover 2500 feet with the supplied tether (umbilical cable).
The IPNS system can be seen in Figures 8a and 9. The following description follows along
with the labels in Figure 9. The IPNS vehicle consists of several canisters that are connected
together. In canister 0, there is an Ethernet and Video Mux fiber optic transceiver connection
[6]. Also, the tether cable attaches directly to this canister. In canister 1, the power source,
vehicle control, and video switching are all housed. Canister 2 stores the couplant mixture
for the Ultrasonic transducers. Canister 3 stores the EMAT (ElectroMagnetic Acoustic
Transducer) control and sampling system. Finally, canister 4 stores a remote PC system











Figure 8: IPNS Vehicle - Top View
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rotates a color camera, the UT and EMAT transducers, and a cleaning brush.
1.09 The Remote Underwater Characterization System. This remote system was
developed by Idaho National Engineering and Environmental Laboratory. Based on the
Scallop vehicle (see Figure 7), this system was designed for characterization and inspection
ofwater-cooled and moderated nuclear reactors and fuel storage pools [7]. This requires the
vehicle to operate underwater. In the case of the Remote System, the vehicle must operate to
depths ofup to twenty feet. As was previously stated, the Scallop vehicle was themain focus
of this project. The Scallop was modified by the United States Department ofEnergy so as
to have auto-depth control and vehicle orientation and depthmonitoring at the operator
control panel [7]. The Remote Underwater Characterization System (RUCS) was designed
to provide visual and gamma radiation characterization, even in confined or limited access
areas [7]. The basic premise of the RUCS system is that it is lowered into the nuclear piping
via a Plexiglas window that has already been cut. Once the RUCS is inside the piping, it can
easily be controlled by the user, which is much safer than previous pipe inspectionmethods.
This project was an excellent demonstration of an umbilical corded robot that took the place
of several humans in a dangerous job setting.
1.10Maverick Robot - Robotic Inspection System for Storage Tanks. This system
uses a remotely operated robotic inspection vehicle [8]. Utilized for inspection ofpetroleum
tanks, theMaverick robot has replaced the original inspectionmethod ofhaving a human
worker climb into the tank themselves. The Maverick robot
has revolutionized the petroleum industry. The vehicle travels
on the interior floor using traction wheels [8]. At the job site,
the equipment is deployed by raising the robot to the top of the
tank with a crane and then lowering it through the open
manway [8]. An umbilical cord connects the robot to the
computers in a nearby trailer, where all functions of the robot
are controlled in comfort [8]. The robot uses specialized
sensors and imaging systems while traveling across the tank
floorwhere it inspects for signs of thinning and/or leaking of
the welded steel bottoms. The robot includes a multichannel
ultrasonic sensor array to map and correlate metal thickness
Figure 9: IPNS Vehicle -
Assembly View
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data, an onboard video system to record inspections, and a sonar positioning system to track
movementwithin the tank [8]. TheMaverick robot demonstrated a cost savings of $ 1 85,000
in lieu of a conventional inspection method. In addition to reducing costs, the new inspection
system generated less waste, eliminated the need to empty and clean the tank, and limits
personnel exposure to petroleum-based gases in the confined space of the tank interior [8].
2. AUTONOMOUS ROBOTS
2.01 University ofExeter (U.K.) - MINERVA Project. TheMINERVA project
stands forMachine Intelligence forNatural Environment Recognition and Visual Analysis.
In the U.K., there are several projects being developed on the autonomous robot front. Dr.
Sameer Singh of the University ofExeter is developing theMINERVA project. This project
is primarily concerned with developing intelligentmethods for scene analysis. Robotics
allows this research to be implemented on mobile platforms to test theories and software for
real applications such as robot navigation based on vision. The robot utilized for this project
is a Trilobot from Arrick Robotics. This robot can be seen in Figure 10 and Figure 11. The






and weighs 1 1 pounds. It utilizes D-cell batteries
to power itself, and has several sensory items such as whiskers and sonar. The Trilobot is
utilized with a camera mounted for image acquisition [2]. The output of scene analysis is
used in conjunction with other sensory information for robot navigation and generates











Figure 10: MINERVA Project
Trilobot
Figure 11: MINERVA Project
Trilobot
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Exeter. This project involves developing a compact robot that can navigate through pipelines
or mazes and generate a visual map that shows the layout [2]. Keeping track of robot motion
generates the visual map. The robot is currently being programmed to measure distances and
keep track of its location. It stores a sequence of actions and measurements that are finally
translated by the computer into a map or plan of the overall structure through which the robot
navigated [2]. Currently, the work is in its initial phases to design this system using Lego







and weighs 3 pounds.
2.03 CarnegieMellon University - Autonomous Helicopter Project. Perhaps one of
the most advanced autonomous robotics projects to date (Figure 14) is the Autonomous
Helicopter Project taking place at CarnegieMellon. This project has developed into a system
thatmany other universities and colleges will try to copy. Themain focus of the helicopter
project was to develop a vision-guided robot helicopterwhich can autonomously carry out a
goal mission in any weather conditions while using only on-board intelligence and
computing power [9]. There are several different goal missions that the helicopter can
attempt. Such missions include automatically start operation and takeoff, fly to a designated
area on a prescribed path while avoiding obstacles, search and locate object of interest in the
designated area, visually lock on to and track or, ifnecessary, pursue the objects, send back
images to a ground station while tracking the objects, or safely return home and land. The
students working on the helicopter project applied thesemission accomplishments to such
tasks as search and rescue, surveillance, law enforcement, inspection, aerial mapping, and
cinematography. Themost basic capability the goal mission requires is robust autonomous
Figure 12: MAP Project
LEGO Robot Front





flight. A truly autonomous craft cannot completely rely on external positioning devices such
as GPS satellites or ground beacons for
stability and guidance. It must sense and
interact with its environment. On-board
vision was the primary sensor for this
interaction [9].
2.04 Worldwide Initiative - RoboCup
Project. The RobotWorld Cup, RoboCup,
is an international initiative to foster AI and
intelligent robotics research by providing a
standard problem, a soccer game, where a
wide range of technologies can be integrated and examined [10]. Such ideas as autonomous
robots being able to communicate with each other to complete difficult tasks are what have
been fostered through this event. Robotsmust be able to communicate positions with each
other, decide what is the best option (pass, or shoot), and then complete the task. An
example of these robots can be seen in Figure 15.
2.05 University of Salford - Ball Robot. Dr. Ruth Aylett from the University ofSalford
brought forth the concept of the ball robot, Submar. This project involved the use ofwhat is
called a
"society"
ofunderwater ball-shaped devices. The work for this project is being
completed at the University ofHelsinki in Finland. Submar is an intelligent autonomous
miniature robot for themonitoring of liquid processes [11]. These robots can measure the
internal state ofa process and can perform small tasks such as injecting reagents and taking
samples. Theymove semi-actively along a process flow, changing their vertical positions
using diving tanks [11]. The robots incorporate sensors and are able to communicate with
other robots and with the process operator. The aim of the project is to create a multi-robot
system, a
"society"
giving benefits of fault tolerance, flexibility and simplicity [11]. The
robot is a third generation prototype with a 10.8 cm outside diameter, and a 0.5WDC motor
to control functions like the diving tank and the chemical tank. Typical sensors would
measure internal and external temperatures, conductivity, pressure and tilt. Communication
between robots and with the operator utilized transceiver boards provided by Radiometrix,
9600 baud, 433 MHz [11].
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2.06 University of Portsmouth - Pipe Rover Project. The pipe rover project is
designed for the task of inspecting the interior of large holding water and sewage outflow
pipes and ducts [11]. The vehicle is to be completely autonomous, with no umbilical.
It will
use legs and propellers for propulsion, being able to walk in the top or the bottom of a pipe,
and also to swim [11]. Two-way communication is to be by ultrasonics, and it will use
batteries and/or compressed air as main energy sources [11]. The specifications include the
ability to swim at 2 m/s relative to the water, to crawl at 0.3 m/s and to have a total mission
distance of 1 km. Some problems with the type ofultrasonic communication used in this
project were themultipath characteristics ofpipes and ducts, including the behavior of the
signal at bends; the attenuation of the signal; and the effect ofwater flow [11]. This project
is currently only in the design phase.
2.07 I.S. Robotics - Interactive Robots. I.S. Robotics, located in Boston,
Massachusetts, is one company at the forefront ofdeveloping autonomous robots. The
company's robot expertise has captured a major interest from the U.S. military, for whom a
specialized tank to detect land mines was designed [12]. The tank is remote controlled, but it
can also make many decisions where to go on its own [12].
2.08 AIS - KURT Robot. The KURT project was developed by AIS in Germany. The
projectMakro and the robot KURT-II were designed to create a cable-less autonomous
mobile robot to inspect non-operational sewer
pipes (26). In Figure 16, one can see KURT
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moving through one of these sewer pipes. KURT has an on-board power source, and has the
ability to steer autonomously to a given target point in the sewer system (26). The
autonomous steering is done by using the topology information downloaded from a digital
map of the system (26). Utilizing its sensors, KURT can recognize landmarks in the sewer
system that are represented on the map as it drives itself towards the goal point. The KURT
robot has six wheels (three on each side). Each side's wheels are coupled, however, each
side is driven independently from the other (26). The sensory items on KURT include
inclinometers (to measure the incline as KURT drives it), and five fixed and one rotating
ultrasound transducers (26). All sensory items are linked to an onboard microcontroller for
low level programming, while higher processing is donewith a PC. KURT also has an on
board CCD camera that sends data via radio frequency to the outside world (26). The most
recent version of the KURT robot can be seen in Appendix A, Figure 18. The KURT robot is
a good demonstration of an autonomous robot in use today for the purpose ofpipe inspection.
It utilizes several sensory items, and an onboard microcontroller to transmit data (from the
video camera) back to the user. However, KURT does not complete any set task, other than
navigating the sewer pipe system.
3. Case Studies in Autonomous Robotic Communication Projects
3.01 Introduction; There are several projects that are currently at the forefront of the
autonomous robotics scene. The following summarizes two of these projects. The first is the
"Army-Ant"
project that is taking place at Virginia Polytechnic Institute and State
University. The second project is the worldwide initiative discussed earlier in this paper
called the RoboCup. Both of these projects will allow one to see how several autonomous
robots can be used in conjunctionwith each other to complete a specific task.
3.02 Case Study #1: Virginia Polytechnic Institute and State University: Armv-
Ant Cooperative Lifting Robot.
3.02.1 Top Level Concept: The army ant robot concept is one that was intended to be
inexpensive and simple. The main goal was to have all the robots be physically identical,
thus constituting a homogenous team of robots [13]. They derive their usefulness from their
group actions, performing physical tasks and making cooperative decisions as a coordinated
team [13]. The army ant robot system was originally envisioned as a flexible
material-
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handling system [13]. Under this scenario, many small robots would be deployed in large
numbers to cooperatively lift and transport objects. The small tank-like robots would
position themselves around the periphery of a large object,
"squeeze"
themselves underneath
it, and then proceed to move in a coordinatedway to transport their load [13]. In the typical
commercial robotic, material handling system, the vehicles are either highly constrained, or
automated guided vehicles (AGV's). The army-ant system was designed to be much more
flexible than the typical robotic movement system. There were several goals of the army ant
system. The following summarizes some of the following goals.
3.02.1.1 Robustness: All the robots should be identical. This featurewill make them modular
and interchangeable. Ifone of the robots fails, it can easily be compensated forby any of the
other robots in the system. This will also greatly simplify the programming of the robots
[13].
3 .02. 1 .2 Flexibility: All the robots in the system can carry either palletized or unpalletized
loads [13].
3.02.1.3 Small Size: All the robots are designed to be very small and lightweight. These
robots are easily stored and highlymaneuverable. If there is an operation that requires more
power, more robots can be added, as opposed to adding bigger robots [13].
3.02.1.4 Low Expense: Since all the robots in the system are identical, mass production of
them would be quite easy. Because of this, the robots are also expendable inmilitary, space,
or hazardous environment applications [13].
3.02.1.5 Simplicity: To achieve the desired mass production of identical robots, a simplistic
approach has to be taken. The robots cannot, and are not, highly sophisticated. Low cost is
directly correlated with the technological simplicity ofthe devices [13].
We will now look at the various stages ofprototypes that the army ant idea went through.
This will give an excellent understanding ofhow to go from concepts to an actual prototype
in the area ofautonomous robotics.
3.02.2 First Generation Prototype: The first generation prototype of all projects is
perhaps themost difficult. The designermust use his/her creativity and engineering
know-
how to design something with no previous work to follow. In the case of the army ant, the
goal was to complete the first prototype in no less than one semester at VPI. As a result of
this need, it was decided that the physical structure of the prototype would be adapted from
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off-the-shelfcomponents as much as possible [13]. Specific design requirements made it so
that the vehicle needed a low profile in order to minimize vertical lifting of the payload [13].
Furthermore, there needed to be a zero turning radius and, eventually, a swiveling, lazy susan
style top surface for the robot [13]. In this way, several robots maintaining a
friction-
enforced contactwith the underside of a rigid payload would not have to implement
differential steering trajectories during turningmaneuvers. Because of this zero-turning-
radius need, treaded, tank-like vehicles were chosen because they have simple kinematic
models and are relatively easy to construct. Because the locomotion was not to be a research
concern, off-the-shelf radio-controlled tank-like vehicles were purchased [13]. This provided
the chassis tray, togetherwith drive axles and wheels, bearings and a suitable gear train.
Other areas thatwere worked on during the initial prototyping of the army ant were as
follows.
3.02.2.1 Power Source: To power one of the tanks, two 6-volt, 4.2 amp-hour lead acid
batteries were used. For stability during the lifting ofheavy objects, these were also
considered as counterweights and were located in the bottom of the chassis tray, under all of
the other circuit boards [13]. The resulting inaccessibility prompted the placement of the
recharging circuit adjacent to the battery terminals, with a 1 12-volt AC power cord routed
through the body [13]. Two connections to the batterywere made, one to a five-volt
regulator and filter board, and the other to the 12-volt supply. Such connections across the
two batteries resulted in a loss ofcharging efficiency. This problem is addressed in the
second-generation prototype [13].
3.02.2.2 Drive Train: Since the motors that were included in the RC kit were high speed, low
torque, another gearbox had to be used. The new gearbox reduced the RPM no-load speed to
26: 1 [13]. The resulting tread speed was 7.3 feet perminute. Both of the gearboxes were
controlled using H-bridge motor driver circuits.
3.02.2.3 LiftMechanism: The liftmechanism is one of the things that separates the Army
Ant project from others that have been reviewed in this paper so far. The liftmechanism in
the army ant project required that it support muchmore weight than the actual weight of the
robot, but not consume more current than the motor drivers could supply. Many choices
were considered, but the decision finally came down to using a pneumatic bladder. The
bladder simply contacts the piece that it desires to pick up (approximately 25 inches of
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contact area is available), inflates the bladder, and then generates the 250 lift pounds offeree
that it can to pick up the piece. Because the robot weighs less than twenty pounds, applying
these types ofvertical loads at the front of the robot could easily tilt the treads off the ground.
Therefore, the front basket of the robot was supported directly by the floor by attaching ball
casters to its underside [13].
3.02.2.4 Sensors: For the first generation prototype, the goal was only to pick up objects.
Because of this, the robot was incapable ofnavigation, having no goal-seeking or obstacle
avoidance sensory apparatus [13]. Therefore, levermicroswitches sufficed to trigger the
lifting response, and to turn it offwhen lifting was complete [13].
3.02.3 Second Generation Prototype: By the time a second-generation prototype rolls
around, much of the groundwork is complete. The initial prototype went throughmany of
the problems that the typical prototype always does. The second-generation prototype allows
for the designer to begin creating some of the more desirable and higher level thinking design
elements. For the army ant project, the most obvious shortcomings were mechanical. The
off-the-shelfchassis was molded plastic, and wheels within the tank treads were attached
with torsional springs as
shock absorbers. Thus
a vertical load resulted
in excessive
compliance, bottoming
out the vehicle and
exerting bending forces
on the axles [13]. Also,
most of the sensing and
communicating ideas
were left unresolved
after the completion of





status signals, and closed-loopmotion feedback. In addition, it was necessary to install a
swivel-top and force sensors needed to be attached and interfaced [13]. The second-
generation prototype can be seen lifting a box in Figure 18.
3.02.3.1 Power Source: Because of space considerations, it was decided to use 2-voltD-size
lead-acid
"gel-cell"
batteries. These were required in larger numbers, but had the advantage
ofbeing distributed throughout the available space in the chassis [13].
3.02.3.2 Drive Train: The drive mechanism is essentially the same as the first generation
robot. However, in this second-generation case, the chassis had its materials selected and
assembled, rather than relying onmanufactured products [13]. The treadmaterial was made
from nylon reinforced rubber conveyor belting, stitched and glued together to form a closed
loop. These treads ride between edge flanges on reinforced PVC wheels. High torque DC
motors were again used for the drive train, with 1 : 1 external gearing. Once again, an H-
bridgemotor driver circuit was used to drive the motors.
3.02.3.3 LiftMechanism: The second-generation prototype uses a lift mechanism consisting
of a single moveable flat top platform. Instead of the air compressor and bladder, it requires
two liftmotors, each with a large gear reduction. Twin jackscrews give the top platform two
degrees of freedom: vertical (both jack-screwsmoving in the same direction) and tilt (one
raising, one lowering) [13]. Even the twin jacks did not compare to themechanical
advantage of the pneumatic lift, so high reduction gearhead motors were chosen to drive the
screws [13]. The turning threaded rods produce linear actuation through recirculating ball
bearings in a closed guidea
"ball"
screw [13]. Recirculating balls are much more efficient
than a simple lubricated threaded guide. The advantage of the two-degree-of-freedom
system is three-fold. First, it makes the entire top platform a lifting wedge. This reduces the
angle between the platform and the ground when the platform is raised and lowered. Second,
the platform is free to move in a purely vertical direction. Finally, the single platform greatly
facilitates
"backing-out,"
since the down-tiltmaneuver can be performed while the robot is in
place under the payload. Tilting the platform downwill not only reduce the contact friction,
butwill cause the weight of the pallet to actually exert a force with a horizontal component,
helping to force the robot out [13].
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3.02.3.4 Sensors: The second generation army ant was equipped withmany of the same
sensors that are employed on many other projects today: infrared for beacon and
direction-
finding, as well as obstacle detections, ultrasonic for range finding, and whisker-type contact
switches for collision detection [13]. The details of their implementationwill not be
discussed at this time.
3.02.3.5 Force Sensors: The goal of implementing force sensors was to show that itwould be
possible to utilize several robots to carry an object, and have each of them carry the same
amount of the load. Equal force distribution implies both force-sensing and signal
transmission [13]. Simple strain gages could be used to transmit the signals with relative
ease. The strain gages are applied at loading points that support the top platform and they are
cushioned by rubber shock-mounts. Also, since it is desirable to have the horizontal forces
measured, the leader has the sensory attachment to calculate it. Then, the rest of the robots
follow in a master/slave setup.
3.02.3.6 Software: All of the software for the army ant project was programmed in C for
convenience.
3.02.4 Conclusions: The army ant project demonstrates how one group went about the
design of an autonomous system of robots and that design's creation into an initial and
secondary prototype. By setting goals for each of the prototypes, it was more easily evident
how to break up the work that needed to be done for each year ofwork. The next case study
features the RoboCup initiative. The RoboCup is another interesting case, because it requires
a tremendous amount ofcommunication between robots to get the system to work. The
development of a system for this project is quite a bit more extensive than that of the army
ant project.
3.03 Case Study #2; Carnegie Mellon University; Towards Collaborative and
Adversarial Learning; A Case Study in Robotic Soccer
3.03.1 Top Level Concept: The case of soccer is one that is a great place formultiagent
learning issues. The players in a soccer game must learn low-level skills while also learning
how to work together and to adapt to the behavior that their opponent is exhibiting. In the
case of the Carnegie Mellon study, there are three different types of learning skills that are
exhibited: low-level skills, collaborative, and adversarial. The Carnegie Mellon study is one
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that will show a learned, low-level
behavior that is necessitated by the
multiagent nature of the domain,
namely shooting the ball [14].
Some of these robots can be seen
in Figure 19.
3. 03.2MultiagentLearning:
Multiagent learning is "learning that is done by several agents and that becomes possible
only because several agents are
present"
[15]. It is possible for a single agent to be learning
in amultiagent scheme if the single agent is learning to interact with the other agents in the
scheme [14]. This is especially true if the learned behavior enables additional multiagent
behaviors, perhaps in which more than one agent does learn, the behavior is amultiagent
behavior. This is the case since the learning would not be possible if the agent were isolated
[14]. In the traditional sense, machine learning involves a single agent that is trying to
maximize some sort ofutility function without any knowledge ofwhether or not there are
other agents in the environment [16]. When using the idea of teaching a single behavior to a
single agent, the justification can be that the knowledge of the behavior can be used as a basis
formore complex interactive behaviors. Some examples of single agents learning in a
multiagent environment are things such as reinforcement learning, which incorporates
information that is gathered by another agent. This is considered to be multiagent because
the learning agent is learning to interact with another agent: the situation onlymakes sense
due to the presence ofmultiple agents [14]. Another such example is a negotiation scenario
in which one agent learns the negotiating techniques of another using Bayesian Learning
methods [17]. One final example ofmultiagent learning is one in which only one of the
agents learns a training scenario in which a novice agent learns from a knowledgeable agent
[14]. The novice learns to drive on a somewhat simulated track from an expert agent whose
behavior is fixed [14]. The one thing that all of the above examples show is that the learning
agent is
"interacting"
with the other agents [14]. Therefore, learning is only possible when
there are other agents present. These characteristics define the type ofmultiagent learning
described in this case study.
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3.03.3 Robotic Soccer: There was a groundbreaking system in robotic soccer developed at
theUniversity ofBritish Columbia called the "Dynamo
System."
In this system, several
robots were supported, butmost of the work was done in a 1 vs. 1 scenario. This system
utilized a decision-making strategy called "reactive
deliberation"
[14]. This decision-making
strategywas used to choose from seven hard-wired behaviors [14]. Those that worked on the
robotic soccer game at Carnegie Mellon developed a similar system. In this system, the
robots are smaller than the Dynamo system, play five on a team and use Infrared
communications rather than radio frequency [14]. The Dynamo system found that the best
simulation scoring rate was 70%. Note that in the Dynamo system, the approach was to
develop a sophisticated robot system withmany advances capabilities. In the Carnegie
Mellon system, the approach was to focus on a simple, robust design that will enable the
designer to concentrate their efforts on learning low-level behaviors and high-level strategies
[14]. Either approach seems to be valid in obtaining the desired results of a soccer system of
robots.
3.03.4Learning a Low-LevelMultiagentBehavior: The focus of this section will be the
ability to shoot amoving soccer ball [14]. One could consider shooting a soccer ball to be a
single agent behavior. However, it can be considered a multi-agent behavior because another
agent must move (pass) the ball to the shooter. For the CarnegieMellon experiment, there
were always two (2) agents: a passer and a shooter. The passer accelerates as fast as possible
towards a stationary ball in order to propel it between a shooter and the goal [14]. The
resulting speed of the ball is determined by the distance that the passer started from the ball
[14]. The shooters task is to time its acceleration so that it interprets the ball's path and
redirects it into the goal [14]. The shooting robot must accelerate at a constant rate once it
decides to begin its approach. Therefore, the behavior to be learned consists of the decision
ofwhen to beginmoving: at each action opportunity the shooter either starts or waits [14].
Once having started, the decision cannot be retracted [14]. Themethod in which the shooter
makes this decision is called its shooting policy [14]. Since the ball's momentum is initially
across the front of the goal, the shooter must compensate by aiming wide of the goal when
making contact with the ball. Before beginning its approach, the shooter chooses a point
wide of the goal at which to aim. Once deciding to start, it then steers along an imaginary
line between this point and the shooter's initial position, continually adjusting it's heading
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until it is moving in the right direction along this line. The line along which the shooter
steers is the steering line. The method in which the shooter chooses the steering line is called
its aiming policy [14]. There are several different types ofbehavior that the creators of the
CarnegieMellon project used to generate their full prototype soccer robots. There were
studies in both fixed ball motion and varied ball speed. This case studywill deal with the
fixed ball motion only since the varied ball speed exceeds the scope of this paper.
3.03.5 FixedBallMotion: The initial experimentationwith the CarnegieMellon soccer
project dealt with the soccer ball being passed with the same trajectory and the same speed
for all training and testing samples [14]. Since the ball motion was always fixed, the shooter
could always aim at the same point wide of the goal, guaranteeing that ifcontact was made,
the ballwould be propelled in the right direction [14]. The shooting policy that was used was
as follows: the shooter could score consistently if it began acceleratingwhen the ball's
distance to its projected point of intersectionwhen the agent's path reached 1 10 units [14].
When using this type ofpolicy, the shooter scored 60.8% of the time.
3.03.6 Inputs: The CarnegieMellon soccer robot project implemented the use of a neural
network. The goal of this network was to have the network output whether starting to
accelerate in a world state described by the input values was likely to lead to a goal (outputs
close to a 1) or amiss (outputs close to a 0). Since the line along which the agent steered was
computed before it started moving (the line connecting the agent's initial position and the
point 170 units wide of the goal), and since the ball's trajectory could be estimated after
getting two distinct position readings, the shooter was able to determine the point at which it
hoped to strike the ball (contact point). From this point, it was easy to determine ball
distance, agent distance, and heading offset (the difference between the agent's initial
heading and its desired heading) [14].
3.03. 7 TrainingData: The random shooting policy for the initial testing was used such that
"at each opportunity, begin movingwith probability 1/x. The
"x"
in this equationwas
determined by knowing that it was necessary to cycle through 25 different decision
opportunities to start moving [14]. Using this shooting policy, the training data could be
collected. Each instance of four number: the three inputs (ball distance, agent distance, and
heading offset) at the time that the shooter began accelerating and a 1 or 0 to indicate
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whether the shot was successful or not. A shot was successful only if it went directly from
the front of the shooter into the goal.
3.03.8 Training: From the data collected, the robots could be trained what to do in each of
the 25 decision situations. In this way, each time a decision opportunity came up, the robot
would have the training to rely on when trying to select what to do. This information was
stored in the neural network.
3.03.9 Testing: After the training, a neural network could be used very cheaply -just a
forward pass at each decision point - to decide when to begin accelerating [14]. It was found
thatwhen using the constant shooter position and a simple shooting policy, there was a 100%
success rate. However, when varying the initial shooting position while using a simple
shooting policy gave only a 60.8% success rate. Finally, when varying the initial shooting
position and using a random shooting policy, the success rate was only 19.8%. The Carnegie
Mellon study then utilized a 3-input neural network where the robot was forced to look not
only at the output it was being given currently, but also what the previous output was. When
this neural network was used, the success rate went back up to 96.5%.
3.03.10AdversarialLearning: The same shooting template that was used to determine
when the shooter should beginmovement was also used to determine certain situations for
the defensive players. The learned shooting template was fixed and the clients needed to
leam the behaviors at a higher level [14]. Based on the defender's position, the shootermust
choose to shoot at the upper, middle, or lower portion of the goal [15]. Meanwhile, based on
the shooter's and the ball's positions as well as its own current velocity, the defendermust
choose in which direction to accelerate [15]. For simplicity, the defendermay only set it's
throttle to full forward, full backwards, or none.
3.03.11 Conclusions: The case study of robotic soccer and the on-going testing at Carnegie
Mellon provides an excellent look at robust, low-level learned behavior and presents several
ways in which in can be extended to and incorporated into collaborative and adversarial
situations. The ultimate goal of this project is to create a high-level learned strategic
behavior web that will have layers of learned behaviors. Some of the soccer robots that have









Figure 21 Dreamteam Robot, Univ.
Southern California
Figure 22: SONY Legged Robots, Carnegie Mellon
University
3.04 Case Study Conclusions: Between these two case studies that have been reviewed in
this section, one should be able to gain a good idea of exactly what some of the goals and
applications of autonomous robotic projects are. We will now begin to look at how the




1. The Beginning of the Laboratory for Autonomous Cooperative
Microsystems (LACOMS)
1.01 Top Level Concept: In the early stages of this project, there was a need for some
type of functional display of communication between two robots. In its early stages, this
project was the only one making progress in the LYCOMS area. Because of this, those
involved in the progress meetings of the LYCOMS group wanted to see a working prototype.
Due to time constraints, the initial project prototype was made from Lego's. The goal of the
initial prototype was to demonstrate how one robot could find a hole in a tube or pipe. A
secondary goal of the prototype was to show that the two robots could then communicate
with each other. Therewere several systems that needed to work together on the Lego's
system in order to produce a working prototype. Each of these systems is broken down
below.
2. Locomotion Systems
2.01 Top Level Concept: Perhaps the most important system on the Lego's prototype is in
the area of locomotion. In order for the robot to transverse down a tube or pipe, ideas from
the previously completed literature search were evaluated against each other. The
conclusions from this testing gave way to a definitive solution to the locomotion problem that
could be used later down the line.
2.02 Tracked System: In order for the
prototype to transverse down the tube, there
needed to be a way to have it push off the walls
of the pipe. On this particular prototype, two
tracks were utilized as the drivemechanism on
each side of the system. In Figure 23, the two-
track system is quite visible. Each piece of
rubber track came in the Lego's Mindstorms
Robotic Invention kit. The tracks were
designed so that they could be adjusted based
Figure 23: LEGO Track System
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on the size of the pipe or tube that the system was in. This was done using a rigid connection
from the track itself to the actual body of the system. As the pipe size changed, the rigid
connection could bemoved up or down the body so as to extend or retract the tracks on the
system.
2.03 DriveMotor: To drive the tracks, the motor that was provided in theMindstorms kit
was utilized. This motor drove the two sprockets that, in turn, drove the pulleys connected to
the two tracks. In order to control the motor via the BASIC Stamp, the leads were cut. This
allowed attachment to the Stamp, instead of the LEGO supplied microcontroller. Themotor
itselfwas attached to the BASIC Stamp via an H-bridgemotor circuit. This allowed for the
Stamp to control themovement of the motor both backwards and forwards.
2.04 Guide Wheels: Four wheels that allowed the system to move across the bottom
surface of the pipe or tube controlled the bottom of the system. It would have beenmuch
better to have the tracks across the bottom of the system at slight angles from bottom dead
center; however, themechanisms needed to create a system like this were far too extensive
for the purposes of this prototype. That type of track system would have provided the
opportunity to allow the tracks to control the actual movement of the system. In future
prototypes, the underneath track system will be utilized.
3. Sensory Systems
3.01 Top Level Concept: One of the early
challenges of this project was finding the correct
sensory items to use. Since the goal was merely to feel
a hole, touch sensors were utilized for the initial
prototype.
3.02 Touch Sensors: One of the touch sensors used
in LEGO prototyping can be seen in Figure 24. The
sensor is simply amicroswitch. When the switch is
pressed down, it sends amessage to the BASIC Stamp
that the circuit is closed (no hole). However, when the
switch is allowed to come up because of a hole in the
Figure 24: LEGO Robot Touch
Sensor
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Figure 25: LEGO Robot Attached to
Tranceiver Board
tube, it sends a message to the Stamp that the
circuit is open (a hole is present). Initially, the hole was large enough so that the sensor lever
arm could easily slide into it. Its size was about
0.500"
in diameter. In future prototypes,
more that one sensor will be used, and they will be placed in a circular array. This will allow
testing for a hole across the entire I.D. of the pipe.
4. Communication Systems
4.01 Top Level Concept: The final goal of the LEGO prototype was to show
communication between two robots. One of the keys to all ofLACOMS is communication
betweenmultiple robots. And since this communication was to be done without wires
connecting the two robots, the choices were quite limited. However, a robust solution still
came about.
4.02 Radio Frequency Tranceiver Boards: Using the wireless communication boards
for the BASIC Stamp made by Parallax did all the communicating between robots. Pictured
in Figure 25, these boards were set in switchmode, so that when the sensor found a hole, the
board on the first robot could relay the information that it had found a hole to the second
robot. Once the second robot had this information, it could begin to transverse down the tube
as well, eventually ending up in the spot where the hole was. Another option that will be
explored later in this project is to change themode on the board to serial mode, allowing for
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the transmission ofbytes. This would allow each position that a sensor was at to be called a
certain byte. Then, the actual byte number could be sent to the second robot. This would
allow the second robot to know exactly where the hole was. Then, the second robot could
aim its sealant nozzle at the hole before it even began to transverse down the tube. This
would give an accurate locater for the second robot.
5. Conclusions
5.01 Overall Assessment: The LEGOS model worked quite well for a quick
demonstration ofwhat future prototypes would resemble. The robot was able to find a hole,
when the sensor was lined up with the hole prior to beginning to move down the tube. Also,
communication was easily established between the two robots so that they could tell each
other if a hole was found. The next goal of the project would be to have the sensors search
the entire I.D. of the tube or pipe, and send information from the first robot to the second that
will give the exact location of the hole in the pipe. This will not be done on a LEGOS
prototype, but on another test bed that will include the actual chassis for each robot. For a
quickly designed prototype, the LEGOS worked quite well. Figure 26 shows one of the
finished robots that were completed using LEGOS.
34
IV. AlternativeDesigns Considered
Since this project featured quite a bit ofdesign, there were many different design options
considered for each part of the robots. Through the evaluation of several different
possibilities for each segment of the robotic system, the best possible choice was made. The
following section summarizes some of the different options that were evaluated and how the
best alternative was selected. The rest of this section is broken down based on the different
systems that are integrated together to form a robotic pipe searching team.
1. Locomotion Systems
1.01 Top Level Concept: As seen in the previous section, there are many different
possibilities for the type of locomotion on any robotic system. Such things as wheels, tracks,
and legs are some of the ideas that people have implemented in the past to complete a task
such as pipe inspection. By evaluating each of these systems, it is the hope that a clear
solution to the problem will arise.
1.02 Locomotion Transmission fromMotors to Ground: There are several different
ways to transmit the torque gained from drive motors to the ground being traveled upon. The
key to transmitting this torque is that there must be an even distribution from the motors to
the ground, and this is the job of the transmission system.
1.02.1 Legs: Legswere considered for a short time on this project. The ideawas that there
would be a series ofpneumatic cylinders used as legs for the project. There would be three
cylinders on the front and three on the back of the system. In addition, the entire body of the
robotwould have to be a large pneumatic cylinder. The system would work as follows. The
three pneumatic cylinders on the back of the system would have air blown into them and
would extend to the point where they touched the pipe the system was inside. At this point,
the large cylinder being used as the bodywould have air pumped into it and it would extend.
Then, the front cylinders would deploy and extend until they hit the inner diameter of the
pipe. When both sets ofcylinders were deployed, the bodywould be fully extended. The
rear set of cylinders would then be taken back in, and the bodywould close itself so as to
move forward. Once the body has closed, the rear set of cylinders would deploy again,
followed by the front set closing, and the body could extend itself again. In this way, the
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system would work its way down the tube in an inchworm fashion. In theory, this seemed
like an excellent idea to create locomotion for the robotic system, but it had many problems.
The main problem with this system was that there was a need for an on-board air supply.
This air supplywould have taken up a tremendous amount of space. Also, there would have
beenmajor limits in how far the robot could travel using this system since it would depend
on the size of the air supply.
1.02.2 Triangular Track System: Since legs could not be used, a track system was
thought to be the ideal locomotion system. A track system would not require any sort ofair
system, and itwould have much more traction than any sort ofwheeled system. The traction
of the tracks would allow the system to keep on a straight path while going down the pipe or
tube. Once it was decided to utilize a tracked system, the question became how to place the
tracks on each side of the robot. Initially, a triangular system was decided upon. In this
system, there would be one pulley at each end of the robot. These pulleys would be located
where a wheel would be on a vehicle, at each end of the robot. Also, there was to be a
smaller pulley approximately 2/3 of the way towards the rear of the system on the second tier
of the robot. At this third pulleywould be the attachment of the servo motor. Thus, the third
pulleywould actually be the drive pulley of the system. When a timing belt pulleywas
placed over this system, it formed a triangle for the motion of the system. Themain problem
with this system was that when the trackwas placed over the pulleys, it was extremely tight,
as it should be. However, when the upper pulleywas attached to the motor, it tended to bend
very easily. It appeared that there was just too much force pulling down on the upper pulley.
Thus, a triangular system appeared to not be a viable option. Therefore, other track systems
had to be investigated.
1.02.3 Two-Pulley Track System: Since the track system was most viable option, it was
determined to modify the triangular track system and continue on with the project. The
upper pulleywas removed from the system, and the rear pulley became the drive pulleywith
themotor attached to it. This option was the one chosen for the project, and hence it will be
discussed further in the "Final Design
Details"
section of this report.
1.02.4Number ofTracks: In the initial design stages, it was thought that there would have
to be a third track running along the top f the chassis so as to provide a guide going down the
middle of the pipe. However, after testing the drive motors (which will be discussed in the
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next section), it was found that theywere strong enough to drive the robot. Also, since the
robot was in a circular pipe, and the trackswere each at the inner diameter, the force of
gravitywould pull the robot and keep it centered. Because of these facts, the third trackwas
deemed unnecessary.
1.02.5 Tracks: After the final analysis of the system, it was determined that tracks would
not be used because they did not provide enough ability to control the drive servos. When
the overall robotic system was testedwith the tracks in place, it was quite difficult to control
the servos for the speeds needed. However, when the tracks were taken off, the drive servos
were controlledmuch easier, and much more accurately. Therefore, it was decided against
using tracks at all. Throughout the final design details, tracks will be discussed as being
placed on the each of the robots. However, at the conclusion of the project, theywere
removed for the greater ability to control the servo drivemotors. Each of the robots still had
the ability to use tracks, should they be needed.
1.03 Drive Motors: Several different drive motors were analyzed when trying to choose
the best type ofmotion for the robotic system.
1.03.1 Twin Motor System (SeeAppendixB, Section lfor handbook information).
Tamiyamanufactures the twinmotor. This motor system is one that allows for connections
ofwheels or tracks on both sides. Pictured in Appendix B, Section 1, the twinmotor system
has two hexagonal shafts protruding from the motor itself. In this way, it can run both sides
ofamoving system by attaching the shafts to eitherwheels or tracks. The twinmotor system
needs a connection to an H-bridge circuit in order to run it off the BASIC Stamp n. The twin
motor system is not only amotor system, but also a gearbox. The gearbox can be set to two
different gear ratios. They are 58:1 and 203:1. Since it took a large amount of torque to run
the robot system, the slowest gear ratio was used (203:1). This allowed for the largest
amount of torque, and the slowest speed. When the twinmotor system was tested, it had
tremendous difficulty accepting the large load on each side. Themotor continually got
bogged down and could not turn. Initially, one side of themotor was tested by itself. This
worked quitewell, as it turned at an even faster rate than necessary to work in this system. It
was thought that a potentiometerwould be necessary to slow themotor down. However,
when the second side of the system was connected, the twinmotor system could not turn at a
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reasonable rate. Themotor system could not develop the necessary torque to turn both sides
of the system. Because of this, other options had to be considered.
1.03.2 High Power Gear BoxH.E. (SeeAppendixB, Section 2for handbook
information). This motor is manufactured by Tamiya. The motor in this system is quite
similar to that of the twin motor system. In the case of the high power gearbox, the motors
were somewhat larger than those in the twin motor system. This was a major deterrent
because one of the goals of this system was to keep it as compact as possible. In addition,
the high power gearbox system had the same problem as the twinmotor system in that it
could not generate the torque necessary to move the robotic system. In the case of the High
Power Gear Box, a single motor had to transmit the torque to a single side of the robotic
system. It was not possible for the motor to turn either side of the system due the torque not
being great enough- The high power gearbox could transmit two different torques of64.8:1
and 41.7:1. Because it was unable to rum either side of the robotic system, the High Power
Gear Box was not selected.
1.03.3Hi-Tec Servo, 330 Series (SeeAppendixB, Section 3for handbook
information). After it was determined that there was a need formore torque in the drive
system, modified servos were explored to create locomotion for the robotic system. A servo
is a precise positioning device. It allows the user to give a command as to what position the
servo should move to, and the servo will follow suit. The positioning is limited to between
90 and 180 degrees (depending on the type of servo. In the case of the Hi-Tec 330 series, the
rotation can take place over 180 degrees. However, when modified, the servo can rotate
continuously, thus making it a good candidate for use as a motor. A description on how to
modify a servo is in the next section, entitled "Final Design
Details."
Since the servo is
modified, it can spin continuously, and therefore can be used as amotor. Once a servo is
modified, it basically functions as a very compact gearbox. The Hi-Tec 330 was modified so
that itwas a gearbox with a speed control, and then it was tested. Utilizing the circular horn,
the servo was attached to the lead sprocket and attached to the robotic system. When tested,
the triangular track shape was utilized, and therefore, the track pulled down on the final gear
coming out of the servo itself. This caused the servo to have a difficult time turning properly
because there was such a downward force being applied to the servo. However, when the
servo was tested in a setting such that there was no downward force acting upon it, it did not
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have enough torque to turn the individual tracks properly. It appeared to be getting bogged
down and even shutting off (not moving at all) when the full load was put on it. It was
determined from this evaluation that a stronger servomotorwould need to be used in this
robotic system.
1.03.4 Hi-Tec Servo, 615 Series (SeeAppendixB, section 4for handbook
information). After using the 330 series servo and failing to get it to turn the tracks, a
larger servo-motorwas used. The 615 series had metal gears and ball bearings in place
where the final gear of the servo exited the housing. The torque that this servo can put out is
1 10 oz-in (7.7 kg-in). Themetal gears allowed formore torque to be applied to the tracks via
the servo output. The ball bearings prevent the output shaft from being bent if a load
perpendicular to the shaft is applied to it. When this servo was tested, it had no difficulty in
turningwhen the tracks were attached. Since it was a servo that was modified and used as a
motor, the gearbox came in a very compact housing, which was also very beneficial. It was
decided after evaluating all of these choices that the Hi-Tec servo, 615 series should be used
as the drivemotors (aftermodification) for the robotic system in this project. Each side of
the robotic system was thus driven by a 615 series Hi-Tec Servo.
1.04 Chassis Thickness: Early in the design of the robotic system, it was though that the
chassis would need a thickness of
0.500"
on each side. This turned out to be much to great a
thickness, and made the entire chassis too heavy. After the initial
0.500"
design, testing
beganwith various drive motors, and it was found that it was too difficult to move a chassis
with the amount ofweight provided. Therefore, a newer, lighter chassis was designed.
2. Sensory Systems
2.01 Top Level Concept: The keys to any project in the area of robotics are sensors. In
order to allow the microcontroller to communicate with its environment, sensors must be
used. These sensors help to make the system that will provide a "living
being"
that will be
able to communicate with both its environment and other robots.
2.02 Hole-Finding Sensory System: One of the most important systems on the entire
robot system is the one that finds the hole in the tube or pipe. There were many different this
options in this area as there are so many different sensors on themarket today. After analysis
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of several of these sensor systems and their limitations, the best option was once again
chosen. The following section reviews the systems that were not chosen, and why.
2.02.1 Ultrasonic Sensors: A popular sensor utilized in society today is the ultrasonic
sensor. Ultrasonic sensors are typically a two-piece unit [18]. In an ultrasonic unit, there is a
sender piece and a receiver unit. Between these two units must be some medium that can
conduct the ultrasonic waves. Typically, water is used for purpose. However, in the case of
this project, for simplicity reasons, pipes that testing will take place in will not have any fluid
in them. Therefore, there is no medium to transmit the ultrasonic waves. Another option is
to transmit in a
"non-contact"
mode [21]. However, in this case there are many
complications. The amount ofhardware that must be purchased is astronomical. Also, this
equipment is extremely expensive (in the neighborhood of$5,000). Typically, the non-
contact type ofultrasonics is used for low-densitymaterials [18]. Therefore, the non-contact
system was not a viable option as well. Due to these numerous negative factors, it was
decided the ultrasonic sensor system would not be a viable option.
2.02.2 InitialSensorArrayDesign: After ultrasonic sensors did not work out, it was
thought that an array, where the sensors would actually feel for the hole would be theway to
go. However, the initial design for this array did not work out. The initial arraywas thought
to have four (4) sensors, each ninety degrees apart. Theywould be cut into the array, and
somehow studded into place. When this arraywas tested, the sensors tended to twist quite
easily. Itwas determined that because of this twistingmotion, this setup with the sensors cut
into the arraywould not work out.
Non-Rotating Touch SensorArray. A third option that was considered for this project was to
create a touch sensor array that wouldmerelymove down the tube in a straight fashion
looking for the hole. In this situation, the sensors would be placed around the diameter of a
circular array, without being cut into place. This circular arraywould be attached to the front
of the robot, and would move down the pipe
"feeling"
for holes. The sensor chosen for this
purpose was the DH Series Ultra-Subminiature Snap Action Series (See Appendix B, Section
5 for handbook information). This sensor is manufactured by Cherry Corporation. Since
these sensors are extremely small in size (0.323"L x 0.106"W x 0.238"H), it was possible to
fit 124 on a 5.500 inch circular array. This was extremely unrealistic. To put this many
sensors on an arraywould be a tremendous task due to the amount ofwiring that would be
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needed. To attach each of these microswitches to an I/O pin would require several Stamp
stretcher boards attached to each other, whichwould then be connected to one of the I/O pins
on the Basic Stamp. The unrealistic nature of this sensor array called for some changes in the
setup. Therefore, the non-rotating touch sensor arraywas decided not to be a viable option.
2.02.3 Rotating (36(f) Touch SensorArray: In order to cut down on the number of
sensors used on the array, it was determined to allow the circular array to turn. Initially, it
was thought that the array could have only one (1) sensor attached to it. This one sensor
would then be allowed to spin very rapidly around the entire inner diameter of the pipe,
searching for a hole. This idea seemed to be the perfect solution to the problems encountered
when the arraywas thought to not rotate at all. However, in the testing phase, this setup had
several problems. Themain one was that the robot just had to move too slowly for the array
to rotate enough so the entire inner diameter of the pipe could be searched. The other
problem was that the amount ofwire needed for this setup was quite extensive, causing a
large "rats
nest"
and allowing for components to get tangled. Because of these problems, a
new idea had to be thought up.




of the sensor. In this way, there would only be four (4) sensors around the
entire array. The array would then rotate slightlymore than
90
so as to cover the entire
360
of the pipe or tube. The exact details of this system will be discussed in the "Final Design
Details"
section of this report. However, it should be noted that the rotating sensor arraywas
the one selected to be used in this robotic system.
2.03 Sealant Sensory System: Once a hole in a pipe or tube was found, there had to be a
way to seal it. Sensors needed to be attached to the array to find away to both communicate
with the first robot, and move to the proper location in order to seal the hole.
2.03.1 Serial CommunicationArray: As was discussed previously in this Sensor
Systems section, the initial goal was serial communication from the first robot to the second.
For reasons stated above, this did not work, so another idea had to be thought up.
2.03.2Light-SeekingArray: Since there was no way to communicate in a serial sense,
another idea had to be thought up. Since it was already determined to utilize a "touch
switch"
system on the first robot, it was decided to hook each one to an LED. In this way,
when one of the switches finds a hole, the corresponding LED will turn on. On the other end
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of the system, the second robot will have an array with a CdS photocell on it. This
light
sensor will be at the same circular diameter as the LED's on the first robot array. Therefore,
when the second robot gets close enough to the first, the light sensor will find the LED based
on it emitting a bright light. In this way, the light sensor can align itselfwith the lighted
LED, and in turn, be aligned with the hole in the pipe or tube. In addition, immediately
above the CdS photocell will be a hole that will house the tubing that is connected to the
sealant dispensing system. In theory, once the photocell aligns itselfwith the LED, the
tubingwill be lined up with the hole in the tube, and should then be able to dispense the
sealant and seal the hole. This systemwill be discussed further in the "Final Design
Details"
section. However, it should once again be noted that this was the system chosen for this
project.
2.03.3 SealantDispensing System: Once the communication aspect of the sealant system
was determined, the next step was deciding how to dispense the sealant. The decision
basically came down to deciding between a pump-based system, or a system thatwould
dispense sealant directly from some sort of aerosol can. The alternative not used was that of
dispensing directly from an aerosol can. Initially, it was thought that an aerosol can could be
attached to the second robot, and a system could be made to allow the can to shoot out the
sealant. However, it was decided that this systemwas not robust. The reason being that it
was desired to get a high volume sealant on board. Because of this, "Great
Stuff,"
used in
sealing cracks around windows was going to be used. However, this container only can in
large, ten ounce cans, which was really too large for this project. Also, it was just felt that
the sealant should be coming out of something other than an aerosol can. Therefore, other
options were considered.
2.04 Range Finding Sensory System: Besides finding the hole in a pipe or tube, the
second robot in this system must be able to also find the first robot and how far it progressed
down the pipe or tube. In order to find a hole, the second robot must be able to calculate its
position in an angular sense (around the diameter of the pipe or tube) and in a horizontal
sense (distance down the pipe or tube).
2.04.1 Bump Switch System: One idea was for the second robot to drive itself into the
first robot. In this case, the first robot would have amicroswitch attached to its rear. The
second robot would be notified that a holewas found. Once this was done, the second robot
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would drive itself forward until it hit the first robot. Once the second robot turned on the
microswitch on the rear of the first robot, the first wireless communication board would send
a signal to the second robot telling it to stop moving. In this way, the second robot would be
able to figure out where the first robot was located down the tube. However, this idea
seemed very simple and lacking any sort of technology. By using a simple microswitch and
allowing the second robot to drive into the first, the system would be too simplistic, and
would not use any sort ofhigh technology sensors. Therefore, other options had to be
explored that would incorporate more advanced sensory techniques.
2.04.2 Sonar Sensing System: Another option that was considered was to use a sonar
sensor that would allow the second robot to read the distance that it was away from the first
robot. The sonar sensor used was the Devantech SRF04 Ultrasonic Ranger (see Appendix B,
section 6). More discussion on the details of the sensor can be found in the "Final Design
Details"
section. In theory, the sonar sensor would be attached to the first robot. Once the
signal was sent to the second robot to startmoving, the sonar sensor would begin to take
measurements on how close the second robot was getting to the first. When the sonar sensor
hit a predetermined number, the first robot would notify the second robot to stop. In this
way, the second robotwould know its location in relation to the first robot. This system was




3.01 Top Level Concept: One of themain goals of this project was to show that a task
could be completed without human assistance. In order to do this, each of the robots had to
be able to communicate with each other to
"tell"
each otherwhat was going on. The goal of
this project was to not have any sort ofwires connecting the two robots. Therefore, it was
quickly decided that some sort ofwireless transmission (RF) boards would be needed to
communicate between the two robots. The type ofwireless board used in this project and
how it is connected to the microcontrollerwill be discussed in the "Final Design
Details"
section. The decision that had to be made was how to do the actual cornmunicating between
the two robots.
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3.02 Serial Communication between Two Robots: In a serial communication setting,
the two robots could talk to each other by sending and receiving serial data. In this situation,
the first robot, or hole finding robot, would find a hole, and then communicate the hole
position with serial data. When the first robot found the hole, it would take the number that
the servo had rotated to. For example, lets say there is a hole at
43
from completely vertical
upward. This number would then correspond to a number that the servo that turns the sensor
array would equate to the hole position. This number that the servo turned to (the position
number) is the number that would be transferred from the first robot to the second robot.
Since the wireless boards can only communicate in bytes, themaximum number it can send
ranges from 0 to 255. It is quite possible that the servo position number could be larger than
255. In this case, amath operationwould have to be done on the first robot so as to decrease
the number to smaller than 255. Then, after the numberwas transferred to the second robot,
the inversemath operationwould be done to bring the number back to its original state. The
second robot would then use the transferred number to move its array with the sealant nozzle
on it to the hole position. In theory, this position that the sealant array would move to would
be the same as the position that the sensor arraywould be at since both arrays would be the
same size, and a servo would be moving each of the arrays. Therefore, if the servos were
both calibrated to be identical, then the number to move to a specific position should be the
same for both servos. In theory this system seemed perfect forwhat the goals of this project
were. However, there was amajor problem with this system. This problem centered around
the fact that the wireless boards used in this project had amajormanufacturing defect. When
using the wireless boards in serial mode, the number rotation number was transferredwith
ease. However, the number 255 was also transferred in addition to the rotation number.
Several tests were run to see if this could be corrected, but 255 continued to transfer. This
was amajor problem, because in the programming of this system, a test was run to be sure
that the correct number was transferred. After the second robot got the rotation number, it
would send the number back to the first robot as a check to see that the number is correct. If
the number was correct, then the first robot would send an
"okay"
signal to the second. If the
wrong number came
back to the first robot, it would resend the rotation number and wait for
the signal to come back. In this way, the system would be error proof. However, with the
wireless boards also transmitting the number 255, the error checking system could not work.
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The second robot would be getting the number 255 and then it would resend this number to
the first robot. Barring a strange coincidence, this number would not be equal to the rotation
number. Therefore, the system would get locked in a never-ending loop of sending the
correct number, but receiving the number 255. This error could not be corrected. It is the
feeling of the author, after talking to numerous people at Parallax, Inc., that there was a
manufacturing error when making these wireless boards. There is a new version that will be
released very soon, and these may have this error corrected. Because of this error, the serial
communication system could not be used.
3.03 Switch Communication between Two Robots: The other option that the wireless
boards used in this project allow for is switchmode. In this situation, when a sensor finds a
hole, itwill merely send a signal to the second robot to send a certain pin high. Once this pin
is high, the second robot can begin to go about the sealing of the hole. Although this is a
much simpler system, it works very nicely. This is the system that was selected for this
project, due to its simplicity, and the fact that the serial mode communication did not work.
In the "Final Design
Details"
section of this report, the communication of switch mode will
be discussed further, including how switchmode was used to tell the first robot when the
second robot has reached it.
45
III. Final Design Details
Throughout the design process for any project, much attention must be paid to the
details that go into producing a prototype. From the initial thought process to the building of
the actual prototype, the design details are constantly changing. The following section is a
summary ofwhat the final design of this project evolved into. Each of the individual systems
for the project is discussed separately so their details may be discussed.
1. Locomotion Systems
1.01 Chassis: The chassis system is a key element to the project in that it holds all the
components in place and allows the enclosure of the entire prototype. It is themost
important element in the initial design of the robot. In order to design any sensory items, the
chassis must first be complete so the sensors may be fit into place.
1.01.1 Top Level Concept: The chassis for each of the robots in this system were made to
be identical. This was done for ease ofmanufacturability and because of the fact that,
although the two robots are doing different tasks, the way in which they go about these jobs
are very similar. Each of the
chassis'
has two sides, made of
3/16"
6061 aluminum.




Plexiglas attached with socket head cap
screws. Figure 27 shows the final chassis, fully assembled while Figure 28 gives an inside
view of the chassis.
1.01.2 Chassis Side Pieces: The chassis side pieces two-dimensional manufacturing
drawings can be seen in Appendix C Drawing Numbers 1000 and 1004. As stated
previously, the sides of the chassis were made out of
0.375"
6061 aluminum. Initially, the






thick pieces of aluminum.
Each of these pieces was machined




future reference, all machining
operations took place in this same
machine shop. In Figure 27, the
46
chassis sidepieces are clearly shown, with the track assembly already attached.
1 .01 .2. 1 Bottom Holes; In order to connect the two side pieces to one another, there were
three holes drilled and tapped (10-32,
0.500"
deep) along the bottom of each chassis side
piece. Later on, these holes were used to attach each of the sidepieces to the bottom
Plexiglas cross-width piece.
1.01.2.2 Drive Wheel Attachment Holes: Off the left side,
0.400"
in both the vertical and
horizontal directions was a hole drilled for the purpose off attaching the servomotors to the
drive tracks. The hole was drilled and reamed to a size of0.500". This hole would later have
a brass bushing fit into it in order to allow the servo motor to turn within it. This brass
bushing was purchased fromMcMaster Carr (Part Number: 6338K414). Handbook details




I.D. This allowed for the bushing to be press fit into the pre-drilled hole. The
bushing was pressed into place so that the flanged portion of it was on the inside of the side
chassis piece (the side with the groove cut into it). The assembly of the chassis sidepieces
with the bushing in place can be seen in Figure 28.
1.01.2.3 Non-Drive Wheel Attachment Holes: On the opposite end of the chassis sidepieces,
there needed to be holes placed for attachment of the non-drive wheels. These wheels served
the purpose of connecting the tracks from the drive wheels to the opposite end of the robot.
The two holes were drilled into the thickness of the chassis side piece. These two holes were
drilled and tapped to be 10-24,
0.375"
deep.
It will be discussed later how these holes
attach the non-drive wheels to the chassis
sidepieces.
1.01.2.4 SensoryAttachment Holes: Two
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final holes that were drilled on the chassis sidepieces were put in place to allow for the
attachment ofvarious sensory pieces. These holes were once again drilled into the thickness
of the chassis side pieces. One hole was drilled at each end of the chassis side piece, in the
upper portion (visible in Appendix C, drawing number 1000 or 1004). These holes were
drilled to be 10-32,
0.375"
deep. Later, an attachment piece between the two holes was put
in place so that sensory items could be attached. This will be discussed later in this section.
The drilled hole can be seen in Figure 30.
1.01.3 ComponentHolders: In order to attach the two chassis sidepieces together, and
hold various components, the component holding pieces were made. Each of these pieces
was made ofPlexiglas. The first of these pieces (Appendix C, drawing number 1002) was
0.250"
thick and was attached to the bottom of each of the chassis side pieces with 10-32 flat
head cap screws. This created the stiffness necessary to hold the chassis sides together. The
other component holders were placed: (1) in the slot cut in each of the chassis side pieces,
and (2) on top of the chassis side pieces. Each of these was designed to holdmore
components, ifnecessary. If the pieces were not needed, they could be removed before the
final assembly, thus giving the user more options when placing components on the robot.
1. 01.4 Chassis FrontAttachmentPieces: In order to keep the necessary tension on the
tracks on the chassis, a somewhat innovative system had to be designed. This system turned
out to be, in effect, a simple tensioner system.




Figure 32: Attach. Piece,
2 Holes
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actually timing belt pulleys (McMaster Carr Part Number: 57105K72). Handbook
information can be seen in Appendix D, Section 2. One of the wheels is pictured in Figure
3 1 . They aremade ofmolded plastic, have a diameter of
2.526,"
and a bore of
5/16."
For
both of the front wheels, the bore was drilled and reamed to be
0.250."
After it was drilled
out, a brass, oil-impregnated bushing (McMaster Carr Part Number: 6338K412) was pressed
into each wheel. The bushing was flanged, allowing for it to be pressed up against the inside
of the wheel.
1 .01 .5. 1 Attachment Piece: The attachment piece itselfwas simply a small piece of






(see Appendix C, Drawing
1008). The piece had two
7/32"
holes drilled through the
0.500"
side. Both of these holes
were thru holes. These holes were designed to allow for a 10-32 socket head cap screw to
slide through. The hole for these screws had to give enough room so that the attachment
piece could slide easily along them. However, the goal was to provide a snug fit so that the
attachment piece would not pull to one side or another very easily. Figure 32 shows the
attachment piece with the holes drilled in place. The other hole on the attachment piece was
drilled and reamed to be
0.250."
This hole was located along
0.625"
side of the piece. This
hole was what the front shaft would later be pressed into. Therefore, it was necessary to
ream the hole to get a very accurate fit. Figure 33 shows the attachment piece with the
0.250"
hole drilled and reamed in place.
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1.01.5.2 Tensioning System: After each of the 10-32 screws had been pushed through the
holes on the front attachment piece, a spring was slid over them, and then the screws were
tightened into the chassis side pieces. Once this was done, the front attachment pieces were
then "spring
loaded."
The attachment pieces could be pushed towards the rear of the robot if
needed, and then they would return in the opposite direction on their own, due to the spring
loading. This system is a simple tensioning system that is proprietary in nature. However,
the tensioning system was needed in order to put the track system in place. Without the
tensioning system, a wheeled robot would have had to have been employed. Figure 34
shows the tensioning system in place.
1.051.5.3 Front Shaft: The front shaft can be seen in Appendix C, Drawing 1015. Themain
thrust behind the front shaft was a need for a press fit portion and a flanged portion in two
different spots. The front shaft needed to be pressed through the front wheel and into the
front attachment piece. The
0.251"
piece of the front shaft fit through the wheel and bronze
bushing and was pressed into the
0.250"
hole on the front attachment piece. The remaining
length of the shaft is contained within the wheel. This makes for a wheel that is locked
within the 0.25
1"
piece of the shaft, and the
0.500"
end. Therefore, the wheel will remain in
a stable position. Also, since the portion that is within the wheel has a diameter of
0.248,"
the wheel can rotate around the shaft as the robot moves forward. The end of the shaft
remaining on the outside wheel can be seen in Figure 3 1 . The press fits can be seen in Figure
35.
1.01.6 ChassisRear WheelDrive Pieces
1 .01 .6. 1 Rear Wheels: The rear wheels were made of the same timing belt pulleys as the
front wheels were (McMaster Carr Part
Number: 57105K72). On these rearwheels, the
boar was left to be
0.375."
This was done so the
rear shaft could later be pressed into place.
Once again, these wheels can be seen in Figure
31.
1.01.6.2 DriveWheel Hole Bushings: Earlier, it
was noted that each of the wheel drive holes




this would be too big to fit the boar of the wheel into it. The reason that this hole was made
so large was so another bronze; oil-impregnated bushing could be pressed into place. The
bronze bushing used was McMaster Carr Part Number: 6338K414. Handbook information
on this bushing can be seen in Appendix D, Section 3 and its insertion into the chassis can be
seen in Figure 36. This bushing provided a nice press fit into the pre-drilled hole. The
bushing used has an OD of
0.500"
and a flange OD of 1
1/16."
It was pressed in place in
such a way that the flange was on the inside of the robot chassis so it would not be exposed
to the pipes or tubes the robot would explore.
1.02 Drive System: The drive system on this pipe searching robotics system is the one that
allows the entire robot to move forward. It helps to get all the components to their proper
location in order to seal a hole. There are many factors that affect the drive system. The
amount of load that needs to be carried, and the distance that will be traveled are a couple of
the factors thatmust be considered when designing the drive train of any robot, whether it be
autonomous or not.
1.02.1 Top Level Concept: The drive train on each of the robots featured a two-wheel
drive system. Each of the rear drive wheels was attached to a
"modified"
servo motor. The
servos weremodified for continuous rotation. In this way, they were the drive system for the
entire robot. In order to create a transmission from the front wheels to the back, a track was
attached across them. This allowed for a tracked locomotion system.
w
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1.02.2 Servo Drive Motors
1.02.2.1 Servo Type: Two (2) modified servomotors drove each of the robots. Each of the
servos was made by Hi-Tec and utilized ball bearings and metal gearing (23). See Appendix
D, Section 4 for handbook information on the Hi-Tec 645 series servos utilized. Each of the
servos had a maximum torque of 1 10 oz-in, which was very important given the weight of
the system, and the tension in the tracked locomotion system. The servomotor used can be
seen in Figure 15.
1.02.2.2 Servo Modification: To learnmore about the servo motormodification technique,
please refer to Appendix A.
1 .02.2.3 Servo Attachment to Chassis: Once the servos were modified, they needed to be
attached to the chassis so they could be put to use as the drive system of each robot. Since
the gear coming out of the servo case was so small (see Appendix A), it needed to be
enlarged so that the wheels with a
0.375"
bore could be used formovement. Therefore, a
spacer was pressed onto the gear coming out of the servo case. The spacer needed an OD of
0.375"
so it could fit snugly through the bushing pressed onto the chassis side piece. The
aluminum spacer used was McMaster Carr Part Number: 92510A330, with an OD of
0.375"
and a length of
0.500."
This spacer was pressed onto the shaft of the servo, and then the
entire assembly was pressed through the bore on the bushing. This allowed for the spacer to
petrude slightly past the chassis side piece. Later, the rear shafts would be attached to this
spacer. Once the spacer was pressed in place, the servos were secured to the bottom
component holder piece via a single piece ofdouble sided tape. This meant that the servo
was secure from moving vertically and horizontally.
1 .02.2.4 Wheel Attachment to Servo: In order to attach the servo to the wheel, a shaft had to
be made that would be a press fit into the spacer on the servomotor. The shaft itself can be
seen in Appendix C, Drawing Number 1014. After it was slid through the wheel hole, the
small
0.225"
end of the shaft was pressed into the spacer attached to the servo. In the process
of sliding through the wheel, the shaft was pressed into place against the bore. Using an
arbor press, the shaft was pressed into the wheel so that the inside edge of the largest portion
of the shaft (the
0.500"
piece) was flush against the outside of the bore of the wheel. Once
this press was complete, the second press of fitting the small end of the shaft into the servo
spacer was completed, again using an arbor press. The final assembly allowed for the servo
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to rotate the spacer, shaft, and
wheel together to create the
rear-wheel drive transmission
of each robot. The final drive
assembly can be seen in
Figure 37b.
1.02.3 Track System
1.02.3.1 Tracks: Tracks were thought to be necessary on each robot in order to connect the
rear drive wheels to the front non-drive wheels, and to create a track system that could move
down a pipe or tube. The timing belts used were in the XL series, McMaster Carr Part
Number: 6484K232. These belts had a width of
0.375"
and were themate of the timing belt
pulleys used. Handbook information on the timing belts can be seen in Appendix D, Section
6. Using the tensioning system, the front wheel was pulled back. Then, the belt was attached
to both wheels, and the front wheel was allowed to extend again to its original place. This
created a tensioned belt drive system that allowed for themovement of each robot.
1.02.3.2 Problems with Track System: Earlier, it was discussed that a track system would
be the best alternative to drive each of the robots. However, after the tracks were attached to
the front and rear wheels, some problems were discovered.
Wheel Flanges: Each of the timing belt pulleys that were used as a wheel had a flange
on each side. In between the flanges, the timing belt fit into place. When the track
system was tested, it was noted that the flanges extended so much, that it was very
difficult for the track itself to reach the pipe's inner diameter. However, when the
timing belt pulleys were tested with the flanges removed, the belt tended to slip off
the pulleys with some regularity. Because of this, it was decided to leave the flanges
in place. Although this made it difficult at times for the belt to touch the pipe
diameter, it did not seem to affect the driving of the robots.
Wheel Size: Several wheel sizes were explored, with the biggest size being used on
the final robots. The reason that smaller wheels were not used was that they could
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not hold the robot high enough, given the width needed to hold all of the electronics.
The width of the robots is 4.00". Because of this, the robots needed to be sufficiently
high enough so that they would be centered in the pipe. Because of this, the largest
timing belt pulleys tested were used as wheels on the robots.
2.Microcontroller Choice
2.01 Top Level Concept: In trying to create an autonomous system, there needs to be
some way for the robot to
"think"
on its own. The key for a robot to think on its own is the
microcontroller that it uses. A microcontroller allows various inputs and outputs to
communicate with the environment that it is in. Through this communication and the inputs
and outputs, the microcontroller uses it's programming to complete various tasks
successfully.
2.02 BASIC Stamp II Microcontroller: The microcontroller used in this project was the
BASIC Stamp II, or Stamp for short. The Stamp is manufactured by Parallax, Inc. Some of
the details on it are discussed below. The BASIC Stamp was the onlymicrocontroller
considered because it met all of the fundamental characteristics necessary for this project.
2.02.1 Operation Theory: The BASIC Stamp comes with the a BASIC Interpreter chip,
internal memory (RAM and EEPROM), a 5-volt regulator, 16 I/O pins (TTL-level, 0-5
volts), and a set ofbuilt-in commands formath and I/O pin operations [27]. The Stamp itself
is viewable in Figure 38. The Stamp can run several thousand
instructions per second and are programmed with a simplified, but
customized form of the BASIC language, called PBASIC [27].
Handbook information can be seen in Appendix D, Section 7.
2.02.2 ProgrammingLanguage: The PBASIC language was
developed specifically for the BASIC Stamp, as it is simple, easy
to learn and well suited formost of the projects that the Stamp is
used for [27]. The PBASIC language is merely amodified version
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ofBASIC, so anyone that has some sort ofprogramming experience should have no problem
picking up most of the commands.
2.02.3Hardware Design: The BS2 has 16 programmable I/O pins that can be utilized to
interface directly to many logic level devices, such as LEDs, switches, speakers, or
potentiometers just to name a few. The physical design consists of a 5-volt regulator,
resonator, serial EEPROM, and PBASIC interpreter [27]. A tokenized PBASIC program is
stored in the non-volatile serial EEPROM, which is read from and written to by the
interpreter chip. This interpreter chip fetches one instructions at a time and performs the
appropriate operation on the I/O pins or internal structures within the interpreter [27].
Because the PBASIC program is stored in an EEPROM, itmay be programmed and
reprogrammed almost endlessly, without the need to first erase thememory [27].
2.02.4 Prototyping Usage: Throughout the prototyping of this project, the Stamp was used
to test and evaluate various components. So that one doesn't have to solder everything in
place, Parallax created the very compact Board ofEducation. Pictured in Figure 39, the
Board ofEducation, or BOE for short was created by Parallax specifically for the purpose of
prototyping. It has all the hardware that a normal BASIC Stamp would have, along with a
prototyping breadboard wired in that connects with all 16 of the I/O pins.
2.02.5 Wiring to Various Components: All wiring of components and their connections
to the Stamp will be discussed in later sections.
3. Sensory Systems
3.01 Hole Finding Sensors: The hole finding sensors are those that are attached to the first
robot. They are the sensors that search for the holes in
pipes or tubes and are the first sensory item used in this
project. Through the use of amicrocontroller, the hole
finding sensors will tell the system what to do. Perhaps
themost critical sensors on the entire system, the
microswitches are relied upon by both robots to find
holes in the pipes so that all the other components can go
about communication hole position and sealing them.
Fi8ure 39: Board ofEducation
[271
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3.01.1 Top Level Concept: Since themain goal of this entire project was to locate and seal
holes in pipes and tubes, the hole finding sensory items were very critical to the project's




of the pipe diameter, and theymust be able to report their findings in such a way that
another robot can fill the hole with a sealant. In this way, there were many choices for these
sensors. As discussed in the Alternative Designs section, there were many options for the
hole finding sensors on this robotic project. Such things as ultrasonic and infrared sensors
were considered. However, because of their complexity to implement, theywere deemed to
be unreasonable for this project. The following section discusses the sensors actually used:
lever arm microswitches. Other sections will also discuss how the sensors can find the holes
across all
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of the pipe and report their findings back to the main processor.
3.01.2 LeverArm Microswitches: Since it was necessary to
"feel"
the entire pipe diameter
for holes, it was determined, after exploring many options, to use microswitches to locate the
hole. The concept behind the use of themicroswitches was that they would be wired to the
Stamp microcontroller, and would send a voltage to an I/O pin. However, when a hole was
found, the switch would open, and the voltage going to the pin would be shut off. The
microswitches used in this application came from the Cherry Corporation. They were in the
"E"
series, E5 1 , with a standard parallel actuation in the clockwise direction, and standard
parallel terminals. Handbook information on thesemicroswitches can be seen in Appendix
D, Section 8. These microswitches were designed forminiature low torque applications,
which was perfect for this project. They utilized a rock wipe contact action and required 75
grams of force to actuate. The handbook information also features a schematic cutaway view
of the microswitch. The microswitches used can be
seen in Figure 40.
3.01.3 Hole Finding SensorArray: Since it was
decided to utilize microswitches, there had to be way
to allow for them to actually
"touch"
the pipe
diameter. Because the diameter of the pipe would be
much larger than the actual robot (and a different
shape) what was called the
"hole finding sensor
array"
had to be fabricated. The array allowed for the
FiSure 40: MiniatUi L Torque
Microswitches
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robot to have a circular section where the microswitches could be attached to, and allow for
them to touch the inner diameter of the pipe that was being searched. The drawing of the
hole finding sensor array can be seen in Appendix C, drawing number 1003. The sensor
array is also pictured in Figure 41 . The following describes the holes, and the reasoning for
their placement.
3.01.3.1 Lever Arm Microswitch Holes: It was decided after analyzing several options (see
Alternative Designs section) that the hole finding sensor array would have four of the
aforementioned lever armmicroswitches attached to it, and the array itselfwould rotate
slightlymore than
90
back and forth. This would allow for the entire inner diameter of the
pipe to be searched for holes. The microswitches were attached with two holes each. The
holes were drilled and tapped to be 4-40 (see Appendix C, drawing 1003). The holes allowed
a 4-40 screw to fit through the lower left and upper right of the microswitch, and through the
array. This fixed each of the microswitches to the array, and allowed for a steady platform
for the switches to search the pipe. This attachment can be seen in Figures 42 and 43. Once
themicroswitches were installed, new lever arms had to bemade in order for each of the
microswitches to reach the inner diameter of the pipe that it was inspecting. These
extensions were made of stiffwire. They were bent into place around the small rotor piece of
the microswitch after the old lever had been removed. They are approximately two inches
longer than the original lever arms.
3.01.3.2 Center Hole: At the dead center of
the array was a 3
1/32"
hole. This holewas
drilled for the placement of a servo motor
horn. The horn chosen was circular in
MM
Figure 42: Touch Sensor with Attachment
Screws
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nature, and was hot glued into place in the center hole. This can again be seen in Figure 43.
3.01 .3.3 LED Holes: Around a 1 diameter arc were drilled four 0. 1
875"
diameter holes
that would fit bright LED's in place. Each of the LED's were purchased from Radio Shack,
and their handbook information can be seen in Appendix D, section 9. When one of the
microswitches would find a hole, the corresponding LED would light up. Later, it will be
discussed how these LED's are used in the communication ofhole position. These LED's
are wired into the BASIC Stamp I/O pins five through eight. In later sections, the overall
wiring scheme will be discussed. Refer to Figure 43 to see the LED's in place on the sensor
array.
3.01.4Hole Finding SensorArray ServoMotor & Attachment: Once the sensor array
had the fourmicroswitches attached to it, it needed to have a way in which to turn. The use
ofa servo motor was once again employed to turn the array slightlymore than
90
back and
clockwise and counterclockwise. The servo motor used was manufactured by HiTec, and
was from the 300 series. Handbook information on the servo motor is available in Appendix
D, Section 10. Unlike the servos used earlier as the drive transmission of the robot, this
servo did not require a large torque. The governing factor that helped to decide which servo
to utilize in this area was simply the desire to have a servo that could smoothly rotate the
array back and forth, and do so in a fashion that covered slightly over 90. Due to a surplus
Figure 43: Hole-Finding Sensor Array
Complete
Figure 44: Array Rotation Servo &
Attachment Piece
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of the 300 series servos on hand, the choice was quite easy.
3.01.4.1 Mounting of the Servo: In attempting to mount the servo motor, it was determined
that it would be more robust if their was a way in which to move the servo to accommodate
for the fact that different pipe sizes, and hence different sensor arrays, could be inspected.
Because of this fact, the top track attachment piece was designed. The drawing of this piece
is available in Appendix C, drawing number 1006. The top track attachment piece was
originally designed in the event that a third track across the top of each robot was needed to
stabilize the system. However, once it was determined that this third track would not be
necessary, the attachment became useful for the purpose ofmounting the array servo. The
basic premise behind the attachment piece is that it provides vertical movement for the array
servo to attach to it. In this way, the servo position can be changed based on what size sensor
array is being used at any point in time. Should the user decide to use a larger sensor array,
the servo can bemoved up to accommodate the larger diameter. Drilled every
0.280"
in the
vertical direction are sets ofholes that are tapped to be 8-32. Each of the holes in a set is
offset from the side
0.300."
These are the holes that the servo motor attaches through.
Through the two notches at the top and the bottom of the servo are two 8-32 screws. These
push the servo back up against the top track attachment, and then they screw into place in the
attachment piece, two on the top, two on the bottom. This attachment is viewable in Figure
44.
3.01 .4.2 Attaching the Attachment Piece to the Chassis: Once the servomotor was attached to
the attachment piece, it still needed to be attached to the chassis itself to complete the
assembly. The Top Track Chassis Attachment piece did this job. Viewable in Appendix C,
drawing number 1007, the top track attachment piece once again was originally designed for
use in implementing a third track on the robot. However, since the third track was not used,
the attachment piece was reused for the purpose of attaching the servo motor and the top
track attachment piece to the chassis. Going back to the Top Track Attachment piece for a
moment, there were !4-20 tapped holes along the centerline of the part, spaced
0.250"
apart.
These holes were designed to allow the Top Track Attachment piece attach to the Top Track
Chassis Attachment piece. A %-20 socket head cap screw was put through the hole into the
Top Track Chassis Attachment piece in order to secure the two together. On the Top Track
Chassis Attachment piece, there were two /4-20 holes drilled at the center (horizontally) of
59
the part, and offset by
0.500."
This offset was exactly two holes on the Chassis Attachment
piece. The socket head cap screws that came through the top track attachment piece simply
came through these holes on the top track chassis attachment piece. On each side of the top
track chassis attachment piece were 10-32 tapped holes. Each of thesematched up with the
corresponding hole on the end of the chassis side pieces (refer to Appendix C, drawing
numbers 1000 and 1004. The hole near the top of the chassis side piece that is drilled and
tapped to be 10-32
(0.375"
deep) corresponds with the top track chassis attachment piece
holes near it edges. Each of the holes on the top track piece had a low head 10-32 cap screw
fit through it and into the chassis side pieces. This created the final securing mechanism of
the servo that was driving the sensor array. Figure 45 depicts the attachment of the Top
Track Attachment to the Top Track Chassis Attachment and the attachment to the Chassis
Side Pieces.
3.01 .4.3 Conclusions: In conclusion, the attachment of the array servo to the chassis goes in
the following order. The array is attached to the servo via the servo horn in the array center.
This horn is tightened to the gear coming out of the servo with a small screw. The servo
itself is attached to the Top Track Attachment, which is then attached to the Top Track
Chassis Attachment piece. The Top Track Chassis Attachment piece is then attached to each
of the Chassis Side Pieces, whichmakes the final connection to secure the servo and the
array to the chassis.
3.02 Light-Seeking Sensor: As discussed
earlier, a third sensory area involved in this
robotic project was communicating the hole
position from the first robot to the second.
Originally, this was going to be done using RF
communication of a number that would
represent a position that the second robot could
figure out to know where the hole was in the
pipe. However, as discussed earlier, there were
many problems with the
transceiver boards, and
hence, the serial communicationmethod could
Figure 45: Attachment Assembly ofRotation
Servo to Chassis
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not be utilized. Therefore, a new idea had to once again be thought up. Although not as
complex as the serial communication method, amethod of light sender to light receiver was
used instead and proved to be just as effective.
3.02.1 Top Level Concept: In a light-sender, light-receiver communication pair, the goal is
to utilize some type ofphotocell that can figure out position based on the amount of light that
it is seeing. In the case of this robotic system, the goal was for one of the LED's that was
attached to the hole-findingmicroswitches on the first robot to turn on when a hole was
found. The one that turned on was based on which microswitch found the hole. Once this
turned on, the second robot utilized a CdS photocell to align the sealant dispensing system
with the hole by aligning itselfwith the lit LED.
3.02.2 Light-SeekingSensorArray: In order to look for the lit LED's on the first robot, it
was highly desirable to have another array on the second robot of the same size as on the
first. If they were both the same size, it would be easy to trace where components had to be
placed in order to align with those on the first robot. Because of this, the Light-Seeking
SensorArray (see Appendix C, drawing number 1012) was designed. Again, the array was
made ofPlexiglas, and was identical in size to the array that was placed on the first robot.
3.02.2. 1 Center Hole: At the dead center of the array was a 3
1/32"
hole. This hole was
drilled for the placement of a servo motor horn. The horn chosen was circular in nature, and
was hot glued into place in the center hole. This is again the same concept as what was done
with the array on the first robot.
3.02.3 Light-Seeking SensorArray & Attachment: The light-seeking array on the
second robot once again needed to rotate in order to find the lit LED. Because of this, a
modified servo motor was again chosen. Due to the ability to rotate very slowly and
accurately to get an accurate position, the servo motor chosen was again the HiTec 300 (see
Appendix D, section 10 for handbook information). The servo motor was modified for
continuous rotation (as explained in section 1 . 1 .02). The reason for themodification was that
it would be necessary for the servo to rotate
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at its maximum. In this way, the servo
would be able to rotate the array completely around the inner diameter of the pipe that was
being inspected in order to find the lit LED, and hence, the hole. The servo was attached to
the light-seeking array by way of a servo horn that was hot glued into place in the center hole
of the array. This was tightened onto the gear coming out of the servo motor. The rest of the
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attachment of the servo to the chassis is the same as in the previous section, when the
attachment of the hole finding array and servo motor were attached to the first robot. The
attachment of the light-seeking array on the second robot can be seen in Figure 46.
3.02.4 CdS PhotoCell: The main equipment used for this sensory area was a CdS
photocell. An example of a CdS photocell is pictured in Figure 47. The one used for this
project was purchased from Radio Shack (Part Number 276-1657) and its handbook
information can be seen in Appendix D, section 12. The CdS photocell sensor acts like a
variable resistor. As the incoming light changes, the resistance of the CDS cell changes. If
the resistance level could be determined then the light level could also be determined. One
way to
"read"
the resistance with a BASIC Stamp microcontroller is to time how long it takes
to charge a capacitor through the resistor (a CDS cell in this case). First the capacitormust
be drained (remove all charge). Second, the capacitor is left to charge up. If the resistor has
a low value, the capacitor will charge quickly. However, if the resistor has a high value, the
capacitor will charge slower. This time is measured in software to determine the CdS
photocell resistance (called RCTime in the PBasic programming language) [28].
3.02.5Directional CdS PhotoCell Technique: The goal of this area of communication
was to find the exact location of the LED that was lit, and therefore find the hole that was in
the pipe that was being searched.
If a CdS photocell was used and it




space for light, when it would begin to get close to the light, it would sense the light change,
and cause an inaccurate reading ofwhere the exact hole location was. In order to get the
most accurate reading possible, the photocell needed to be inserted into a tube. In this way,
when the tube (and CdS photocell) was aimed at the lit LED, light would be detected, and
when the tube was not aimed at the lit LED, it would not detect any light, and hence would
not be fooled into thinking there was a hole where there really wasn't one. On this project,
the tube was made out of a piece ofnylon (see Appendix C, drawing number 1009). The
0.500"
diameter piece ofnylon simply had a
0.290"





hole was slightly larger than the actual diameter of the
CdS photocell used so it could be pressed into one end of the tube. Once the CdS cell was
pressed into place, it was hot glued to ensure that it would not fall out at any time. This
assembly created a directional photocell that could now be used to find the lit LED, and
hence, find the location of the hole in the pipe being searched.
3.02.6Attaching theDirectional CdS Photocell: Once the assembly to create the
directional photocell was complete, it needed to be installed on the second robot. It was
determined that the directional photocell had to be at the immediate front of the second robot,
since this would be the first area of the robot to contact the lit LED on the rear of the first
robot. Therefore, a
0.500"
hole was drilled and reamed on the light-seeking sensor array
along the same diameter arc from the center as the LED's were placed on the first robot. The
entire tube and CdS photocell assembly was
then pressed into this hole until the front of
the tube was flush with the front of the light-
seeking sensor array. When the press fit
was complete, the CdS photocell was
situated at the rear of the tube, furthest away
from the front of the light seeking sensor
array. In this way, it would be perfectly
lined up with the LED's path ofmotion, and
could very easily find the one LED that was
Figure 48: Directional Photocell Attached to
lit. Also, the light from the LED would Light-Seeking Array
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have to travel down the entire 1 length of the tube to contact the CdS cell, thus creating
a directional light seeking system. The tube and CdS photocell assembly attached to the
light-seeking sensor array is visible in Figure 48.
3.03 Sonar Sensor: Once the first robot has found a hole and the second robot is called and
begins moving (this communication is covered in the Communication section of this report),
there had to be a way for the second robot to find out where the first robot was in terms of
distance down the pipe. This is where the sonar sensing system was used.
3.03.1 Top Level Concept: By utilizing a sonar sensor connected to the BASIC Stamp, the
second robot could always know where it was in relation to the first robot when transversing
down a pipe. When the second robot got close enough to the first, the sonar sensor would be
able to tell the Stamp that it hadmade it to the
"goal."
In using the sonar sensor on this
project, the second robot became, in effect, a robot ruler, as it was always taking
measurements to try to figure out how far it was from the first robot. Sonar Sensor
Characteristics: The sonar sensor used was the Devantech SRF04 Ultrasonic Ranger,
purchased through Lynxmotion.com. Handbook information is available on the Ranger
Sensor in Appendix D, section 1 1 . The Ranger Sensor is also pictured in Figures 49 and 50.
The Ranger sensor is able to measure from 3 cm to 3 m and can detect a 3 cm diameter stick
at more than 2.0 meters [25]. The basic premise behind the ranger sensor is that there is an
input trigger and an echo pulse. Each one is connected to an I/O pin on the BASIC Stamp.
The input trigger sends an ultrasonic pulse out from the Ranger sensor. When an object gets
in the way of the signal, the ultrasonic wave bounces off it and comes back to the ranger
sensor. When the signal returns to the Ranger sensor, the input is recorded in the echo pulse
pin. Then, the timing circuit
goes to work in calculating
how long the signal took to
return to the Ranger sensor.
Once this value is found, the
user can divide by a constant
to find the actual value in
inches or centimeters that the
Figure 49: Ranger Sensor
Front View [25]
Figure 50: Ranger Sensor
Rear View [25]
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Ranger sensor is away from the closest object.
3.03.2 SonarPlacement on Robotic System: In order to utilize the sonar sensor on this
robotic system, it had to either be at the front of the second robot, or the back of the first
robot. After testing the Ranger sensor, it was determined that almost anything would be
picked up, including transparent materials, such as Plexiglas. Because the first robot would
be going down pipes with the array at its rear end, itmade sense that the sonar sensor could
go on the second robot, and try to pick up the Plexiglas hole finding array on the first robot.
After testing, it was easy to see that the sonar sensor would have no difficulty picking up the
Plexiglas.
3.03.3 Placement on SecondRobot: Since the goal of the sonar sensor was to be attached
at the front of the robot, it needed to be fixed to the Light-Seeking Array (covered in section
3.03 of the Sensory section). Referring to Appendix C, drawing number 1012, one can see
the Light-Seeking array. The slotted area that was cut into it is where the sonar sensor was
mounted in place. Initially, the slot was cut with a Bridgeportmill, then, the corners were
rounded into place using a Dremel tool. The sensor was then hot glued into place, and this
can be seen in Figure 52. This slotted area allowed for the wiring of the sonar sensor to flow
behind the array and into the BASIC Stamp, and not interfere with any of the other
components on the second robot. Should he sensor ever fail, it would be quite easy to
remove the sensor and replace it with a new one, given its current position on the second
robot.
4. Communication Systems
4.01 Top Level Concept: Now that all of
the sensory items have been explained, the
question becomes how to transmit the
information that the sensory items on one
robot have gained, to the other robot. This
is where the communication systems are
used. One of the main goals of this project
was to demonstrate that robots could
Figure 51: Sonar Sensor on Second Robot
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complete the task of finding and sealing holes wirelessly. In order for this to happen, the
communication systems play an integral role. The following section discusses the choice of
communication components, and how their implementation affected the overall concept of
this robotic project.
4.02 RF Communication: Radio frequency, or RF for short, communication relies on the
transmission of sound waves in the radio frequency. From these waves, a user is able to
provide real-time, two-way communications between the communication devices and a host
computer without hard-wiring. Typically, Radio Frequency Data Communications (RFDC) is
used to provide a link between the host and a mobile platform. In the case of this robotic
project, the communication was only between two mobile units. In future trials, a base
station PC might be another possible area that communication could be used with.
4.03 RF Communication Hardware: The hardware used for communication in this
project were two (2) 43 Mhz. RF transceiver boards, manufactured by RF Digital, Inc.
Handbook information on these transceiver boards is available in Appendix D, section 13.
When used in conjunction with the BASIC Stamp II microcontroller, these transceiver boards
provided a strong communications base for this and any project. The transceiver boards,
pictured in Figure 51, can operate in either switch or serial mode. Each of thesemodes
provide different communication options for the user. The advantage ofusing the transceiver
board over a sender receiver pair, is that either of the boards can be the sender and either can
be the receiver. Also, each of the boards can be both if a project requires it.
4.03.1 SerialModeRF Communication: When the transceiver boards are used in serial
mode, they allow the user to transmit data as big as one byte (numbers from 0 to 255) from
one transceiver attached to a BASIC Stamp to another.
This is used when the user wants to communicate some
sort of specific data taken by a sensory device from one
Stamp to another. It provides a very accurate way for
autonomous systems to tell each other what their findings
are. However, as discussed in the Alternative Designs
Considered section, there are some problems with this
version of the boards. The main problem being that the
Figure 52: 433 MHz Tranceiver
Board
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boards currently tend to transmit extra data values that are not actually being sent. This
problem is what kept serial mode from being used in this project.
4.03.2 SwitchMode Communication:When the transceiver boards are used in switch
communication, the radio waves merely tell the receiver board which of its output pins to
send voltage to, and which to keep at ground. When the transceiver board is in switch mode,
there are three inputs, and three outputs that are operational. Ifone of the three inputs on the
sender gets a ttl signal of+5 volts, the radio waves transmit this fact to the receiver board.
When the receiver board gets this signal, it turns the corresponding output high (a +5 volt ttl
signal). When using the BASIC Stamp, the user can attach certain sensory items to the
output pins, waiting for the +5 volt signal. This is the type of communication that was used
in this project.
4.04 RF Communication for Task Completion: In this project, the ultimate goal of the
RF communication was to allow the following: (1) allow the first robot to tell the second
robot when it finds a hole, (2) allow the second robot to tell the first when it has reached the
first and (3) allow the second robot to tell the first when it has completed the hole sealing
operation. In order to complete these operations each of the transceivers was wired to a
BASIC Stamp (wiring is covered in subsequent sections). When the first robot finds a hole
(when one of the hole finding microswitches finds a hole), it stops and calls the second robot.
The second robot then transverses down the pipe, and when the sonar sensor determines it is
within one inch of the first robot, it signals the first robot that it is right behind it. The first
robot then moves up, and signals to the second to go ahead and move to its final position (the
actual hole position). Finally, when the second robot finishes the sealing process, it signals
to the first that it is done, and the cycle starts over again. Through this process, the task of
finding and sealing a hole can be completed with RF communication.
5. Sealant Systems
5.01 Top Level Concept: Once the first robot has found a hole in a pipe, and the second
robot has gotten into the correct position, the sealant system is called upon to seal the hole,
and complete the task. The sealant system was much debated, as was discussed in the
Alternative Designs section of this report. Initially, an aerosol can that dispensed some sort
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ofhigh volume sealant, such as "Great
Stuff,"
was considered. However, ultimately a pump
based system was decided upon. This gavemuch more flexibility to the system in that
different fluids could be dispensed at any hole that was found in a pipe.
5.02 Pump: The pump used on this project was difficult to locate. The specifications for it
were that it run on 12 volts, since the goal of all components on this project was to not have
a large current draw, the pump that was used had a full motor current of0.3 1 amperes. The
pump used in this project was found at KNF Neuberger. The NF10 type was used. The
pump chosen could pump 0.1 liters ofwater per minute (or 1.5 gallons per hour). The flow
rate of the pump was not a great concern as the most critical objective in this project was to
get the pump lined up with the hole, and dispense the sealant, and not just dispense the
sealant rapidly. Finally, the pumps head was made from polypropylene, with a suction
head/vacuum of 10 feet (in terms ofwater). Since this type ofpump was listed as being ideal
for use in portable, battery-operated equipment where high performance, low power
consumption, and minimal weight and size are important, it appears the correct pump was
chosen. Handbook information is available in Appendix D, section 14. A picture of the
pump can be seen in Figure 52.
5.03 Relay & Darlington Transistor Connection: Since the pump required at least 9 volts
to function, a relay had to be used in order to drive it off the +5 volt ttl signal from the
BASIC Stamp. The relay used was a 12-volt Reed Relay, purchased from Radio Shack.
Handbook information is available in Appendix D,
section 15. The Reed relay used could accept 1 .0 amps as
amaximum current (the current for this project would
easily fall within this range) and had a single pole and
single throw. The wiring of the relay will be discussed in
later sections. However, the end result ofusing the relay
was that the 12-volt pump was driven based off the +5
volt ttl signal of a BASIC Stamp I/O pin. In conjunction
with the Reed relay, a Darlington transistor had to be
used in order to ensure that the BASIC Stamp did not get
blown out. When using a relay, or other high current
devices, there is a chance that theremight be a current
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spike in the reverse directionwhen it turns on or off. Because of this danger, the Darlington
Array needed to be used to ensure not more than 25 mAwas sunk into any one I/O pin
(specifically the one that was driving the ttl signal going to the Reed relay). Handbook
information on the Darlington transistor is available in Appendix D, section 16.
5.04 Sealant Reservoir: In order to have a reservoir of sealant that the pump could draw
from, a 6-ounce (180 cc) fuel container was utilized. Great Planes Model Parts &
Accessories manufactured the fuel cell. It was made ofplastic, and is normally used on
model airplanes that need to carry a supply of fuel for somewhat long trips. The KNF pump
can easily draw off the reservoir, and pump the sealant through the supplied tubing.
5.05 Sealant Hose and Nozzle: The hose coming off the pump was simple
7/32"
rubber
tubing. The nozzle was made of stiffbrass tubing in which the nozzle telescoped down to a
smaller diameter than the original
7/32"
rubber tubing. In this way, therewas some
backpressure created so that there would be amore powerful spray coming out of the nozzle
and into the hole that was found in the pipe.
5.06 Light-SeekingArray Sealant Nozzle Hole: One final hole that is located on the light-
seeking array that has not been discussed is used for the purpose ofholding the sealant
nozzle. This hole was made to be
0.1875"
in diameter, and it was positioned so that it would
line up with the
"found"
hole. The nozzle was put through the hole, and the rubber tubing
was glued in place so as to be held within the hole and keep the nozzle aligned with the hole.
6. COMPONENTWIRING
6.01 Top Level Concept: Being amechanical engineer, perhaps the most difficult aspect of
this project to complete was the wiring. Although this projectwas highlymechanical, with
several mechanical components, the key to bringing it to completionwas the wiring of
components to each other, and to the BASIC Stamp microcontroller. Once the wiringwas
completed, themicrocontroller could use its
"brain"
to control them to complete the job of
finding and sealing holes in pipes.
6.02 BASIC Stamp IIMicrocontrollerWiring: The Basic Stamp II was the first item that
had to be wired for both robots. All wiring was done on a singlematching printed circuit
board (one for each robot). This type ofboard made it easy to transfer circuits from the
Board ofEducation (BASIC Stamp II prototyping board) since it was set up in the same
fashion that a breadboard is. The Stamp is a 28-pin DIP (Dual In-line Package). This means
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it has two rows ofpins. The board that was used was designed forDIP's as they can straddle
across the two sets ofhorizontal rails, allowing easy connections to any pin independently.
The Stamp itselfwas plugged into a 28-pin socket so that should it ever burn out, it could
easily be removed and replacedwith a new one without having to desolder it from the board.
Visible in either the first robot or second robot-wiring diagram in Appendix E, there were
several major connections that had to be made in order to power the microcontroller.
6.02.1 BASICStamp Power Source: The BASIC Stamp is driven off a 9-volt battery.
This is directly connected to the Vin pin on the stamp. This allows the Stamp to be powered
by a 9-volt source (Parallax documentation recommends a source between 6-15 volts). The
Vss pin on the BASIC Stamp is connected to ground.
6.02.2Reset Pin: The Rst (reset) pin is used so the person working with the Stamp can have
a reset. A switch is placed between the reset pin and ground. When the user presses this
switch, the programming returns to its starting point and begins again.
6.02.3 BASICStampRegulated Voltage: The Vdd pin on the BASIC Stamp puts out 5-
volts. This is due to the voltage regulator that is built in to the Stamp. This is highly useful
if a userwishes to drive some small components that require a ttl signal of+5 volts. It
should be noted that the Stamp itselfcould have been driven directly off the Vdd pin, by
sending +5 volts to it. However, due to the fact that a simple 9-volt batterywas highly
desirable to use as a power source, it did not make sense to make a 5-volt source in its place.
6.02.4 Serial Cable Pins: The Sout, Sin, ATN, and Vss pins on the left of side of the
Stamp (pin numbers 1, 2, 3, and 4 respectively) are connected to pin numbers 2, 3, 4 and 5 of
a serial cable in order to create away to send programs from a PC to the BASIC Stamp. A
four-pin connector with
0.1"
pin spacing was attached to the appropriate pins on the Stamp.
Using a serial cable end, one endmay be cut off, and the wires that go to pin numbers 2, 3, 4,
and 5 should be connected to a four pin header. In this way, the socket can be plugged into
the four-pin connector so that programs can be downloaded to the Stamp. One final
connection that must be made is to connect pins 6 and 7 together on the serial cable.
6.02.5 I/O Pins: The rest of the pins on the Stamp are either connected to various inputs or
outputs, or are left floating. Theywill be discussed throughout this section as their
connections differ based on robot.
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6.03 Hole-Finding Robot (Robot #1): The first robot in this system was assigned the
task ofdriving itselfdown the pipe being searched, inspect the pipe for holes, and when it
located a hole, call for the second robot. Althoughmany of these tasks seem simplistic,
several of the components used to complete them required moderately complex wiring.
6.03.1 Inputs: Inputs are sensory items that give the BASIC Stamp information that it can
utilize to activate other sensory items that will help to complete the task of finding and
sealing hole.
6.03.1.1 Hole-Finding Microswitches: There were four (4) microswitches used to search for
holes in the pipe being inspected. They were connected to pins PI to P4 (pin numbers 6
through 9). When there was no hole, they allowed voltage to flow to the pins. However, the
switch would open when a hole was found, and the pin would get no voltage (no ttl signal of
5 volts).
6.03. 1 .2 Transceiver Board - 433 MHz: The transceiver board is used as an input in one
specific area on the first robot. When the second robot arrives at the first robot, it uses its
transceiver board to send a signal to tell the first robot that it has arrived. This signal is
received on the Outl pin on the transceiver, which is connected to P10 (pin number 15).
When the first robot finds a hole, it waits for a ttl signal of 5 volts on this pin before it
continues on with searching for holes. Other connections that were made to the transceiver
board weremerely ground and +5 volts. Also, the address 4 pin was connected to +5 volts as
well, in order to give the transceiver board an address ofother than 0000.
6.03.2 Outputs: Once an input is sent to the BASIC Stamp, themicrocontroller can call on
its outputs to complete the task at hand.
Mini SSC II: Connected to P0 (pin number 5) was a very important
component, the Mini SSC II. The SSC provided complete control of all
the servos on the robot through one I/O pin. SSC stands for "serial servo
controller."
Handbook information is available in Appendix D, section
17. A picture of theMini SSC can be seen in Figure 54. Using the SSC
allows the user to send serial data through one I/O pin (in this case, P0).
The SSC allows its user to control up to eight servos simultaneously
through the serial cable on a PC. The SSC attached to P0 controls the




servo. These are connected to servo positions 0, 1, and 2 on the SSC. The SSC has its own
power source, as do the servos (both the SSC and the servos have 9-volt battery supplies.
Light Emitting Diodes (LED'sV There were four (4) LED's that were used to signal to the
light sensor on the second robot where the hole that was found was located. The LED's were
connected to pins P5 through P8 (pin numbers 10 through 13). Initially, the LED was off.
However, when a switch found a hole, the corresponding LED would turn on. The
correspondence was such that the following switch/LED combinations were used: P1/P5,
P2/P6,P3/P7,andP4/P8.
Transceiver Board: The transceiver board is also used as an output on the first robot. The Inl
pin on the transceiver board is connected to P9 (pin number 14). This output is used when
the hole-finding sensors locate a hole. It is used to send a ttl signal to the second robot that a
hole has been found, and to begin to move down the pipe.
6.04 Light-Seeking Robot (Robot #2): The second robot in this system had several specific
tasks as well. These included locating the first robot, finding the hole position, and
ultimately sealing the hole. Of the two robots, the second one required the more complex
circuitry.
6.04.1 Inputs: There were several inputs needed in order for the second robot to complete
the task of sealing a hole. Several sensory items were used to give vision to the blind robot.
The inputs used were the sonar sensor, the CdS photocell, and the transceiver board.
Sonar Sensor: The sonar ranging sensorwas connected to PI and P2 (pin numbers 6 and 7)
on the BASIC Stamp. On PI was the signal sending unit and on P2 was the echo unit,
waiting to receive the signal after it bounces off an obstacle. The sonar sensor also has
connections to +5 volts and ground.
CdS Photocell: The photocell uses a simple RCTime circuit where it is connected to P3 (pin
number 8) on the BASIC Stamp. In an RCTime circuit, the time to charge the capacitor in
the circuit iswhat is outputted. If there is a light source shone on the CdS cell, the RCTime
value will decrease as the resistance of the photocell decreases. This RCTime value is
measured on P3 of the Stamp.
Transceiver Board: The transceiver board is connected as an input on robot 2 on P4 (pin
number 9). This connection is made to the transceiver board Outl pin. This connection is so
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the I/O pin will wait for the ttl signal from the transceiver board. The I/O pin will get the
signal when the first robot finds a hole.
6.04.2 Outputs: The outputs used on the second robot were theMini SSC, the NF10 pump
and the transceiver board.
Mini SSC: The mini SSC was connected in the same fashion as on the first robot.
Transceiver Board: The transceiver board was also used as an output on robot 2 on P5 (pin
number 10). The connection was made to the transceiver board Inl pin. This connection
was so that the second robot could send a ttl signal to tell the first when it hadmade it to the
"goal"
position.
NF10 Pump/Relav/Darhngton: The power connections to the pump used in this project got
somewhat complicated. It was necessary to utilize both a +18-volt relay and a Darlington
array chip. The onlymicrocontroller I/O pin needed was pin P5 (pin number 1 1) on the
Basic Stamp II. Coming offP5 was a wire that connected to the INI pin on the Darlington
Array. Also, therewas a common ground shared between the Stamp and the Array. The
OUT1 pin was connected to one of the coil leads of the relay, and the supply pin of the Array
was wired to the +9-volt supply of the SSC. The use of the SSC power source was merely
done out ofconvenience. However, the SSC power source was chosen over other on-board
power sources because it was the least utilized, and had the most power to supply. The
second coil on the relay was also connected to this same power supply. On one of the switch
sides of the relaywas connected the ground side of the +18-volt pump power supply (two +9
volt batteries in series). The other side of the switch part of the relaywas connected to the
pump. The final connection that was made ran from the positive side of the +18-volt supply
to the pump. Through this wiring, Stamp I/O pin P6 could drive the +18-volt pump.
7. Programming & Logic Flow
7.01 Top Level Concept: This final section of the Final Design Details section dealswith
how the BASIC Stamp IIMicrocontroller was programmed to complete the task of finding
and sealing holes in pipes. As discussed earlier, the BASIC Stamp runs on a special version
of the BASIC language, called PBASIC. Through this language, all sixteen I/O pins on the
Stamp can be controlled, and tasks can be completed. The following section looks at how the
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logical hierarchy runs through the programming of each of the robots, and how the two
robots programming relates to each other. For the exact programming of each robot, please
see Appendix F, Final Programming.
7.02 Hole-Finding Robot (Robot #1) Logic Flow: The first robot in this system was
responsible for searching the pipe for holes, and relaying information to the second robot
when a hole is found. The following discussion goes along with the Robot #1 Logic Flow
Chart that can be seen in Appendix F.
7.02.1 Locomotion: The first task for the hole-finding robot was to start moving. The
speed of each of the servos was set for a very slow so that the array could cover the pipe's
entire inner diameterwhile the robot was moving forward. This information was sent
serially through P0 on the Stamp. The left track (as one looks at the robot from the end with
the array) was attached to pin 0 on the SSC and the right trackwas attached to pin 1 on the
SSC. The null value for the two servos was found to be around 155, so using values slightly
higher than this gave an accurate, slow movement to the robot.
7.02.2 SensorArray: Once the servos startedmoving the robot down the pipe, the
hole-
finding sensor array began to turn back and forth, searching for a hole. Once the array starts
moving, the Stamp checks its I/O pins PI through P4 sequentiallywaiting for one of the
switches to open so as to indicate a hole had been found (a +5 volt ttl signal on one of the
pins). Until this happens, the robot continues to make its way down the pipe. When one of
the hole-finding switches finds a hole, the corresponding LED turns on (PI with P5, P2 with
P6, P3 with P7 and P4 with P8). Immediately after the LED turns on, the drive servos are
shut offby serially sending their null values so they remain stationary.
7.02.3 Communication: Once the LED is lit, and the drive servos had stopped moving, it
was necessary to communicate with the second robot.
7.02.3.1 Hole-Found Communication: The P9 pin on the Stamp was turned high. Connected
to this was the Inl pin on the transceiver board. Thus, the Inl pin was also sent high. This
communicated to the second robot that a hole had been found, and it was time to begin
moving down the pipe. This
signal is sent for two (2) seconds. After the signal has been
turned off, the first robot sits and waits for a signal from the second robot that it has arrived
at the goal location.
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7.02.3.2 Robot has Arrived Communication: Once the second robot has arrived at the first
using the sonar sensor, it sends a signal to the first robot. This is done through the Stamp pin
P10, which is connected to the Outl pin on the transceiver board. Once the first robot gets a
+5 volt ttl signal on P10, it continues moving up through the pipe by reactivating the two
drive servo motors (raising the serially transmitted value to each of them above the null
value). In this way, it allows the second robot to move into position to fill the hole.
7.02.4 Conclusions: Once the second robot has sent the signal that it has arrived at the hole
position and the first robot begins to move again, the entire program repeats itself. The
conclusion of the program will happen when the first robot exits the pipe, or the robot is
turned off (powered down).
7.03 Light-Seeking Robot (Robot #2) Logic Flow: The second robot is asked to find
the first robot in the pipe, then find the hole location based on the information the first robot
is providing, and finally, seal the hole that has been found. Most of the programming for the
second robot is done after getting a signal from the lead robot that it is time to begin. The
following discussion goes along with the Robot #2 Logic Flow Chart that can be seen in
Appendix F.
7.03.1 Communication: The first section ofprogramming on the second robot corresponds
with the last section ofprogramming on the first robot. The second robot remains stationary,
waiting for a signal from the first robot that a hole has been found. This signal comes
through a +5 volt ttl signal entering the transceiver board Outl pin, which is connected to pin
P4 on the BASIC Stamp. Once P4 goes high, the programming continues.
7.03.2 Sonar: After the signal has been received on P4, the second robot enables its sonar
sensor, which is connected to pins PI and P2 on the BASIC Stamp. Pin PI is connected to
the putout signal, and it sends out the sonar. Pin P2 receives the echo of the signal when it
returns from hitting an object. The sonar begins to take readings just prior to the robot
moving forward. Because of amanufacturing defect in the Sonar sensor, there are at times,
inaccurate zero readings. Because of this, a loop was put into the programming so that
should there be a zero reading, a new reading is taken. Once the sonar is active, the
locomotion of the second robot may begin.
7.03.3 Locomotion: After the signal has been received on P4, the second robot enables its
locomotion by adjusting the serially transmitted value to the two drive servos to slightly
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above the null value. This serial information was sent through pin PO, which is connected to
the SSC. The locomotion continues until the sonar sensor takes a distance reading that is
equal to one inch. When this happens, the tracks stop because the null value is transmitted to
each of the drive servos, thus holding them in a stopped position.
7.03.4ArrayRotation: Once the second robot has stopped moving, its light-seeking array
begins to rotate, searching for the lit LED. This is done by transmitting a value slightly
above the null value of the array servo motor. The RCTime value is initially very high, over
56,000. However, when the CdS photocell lines up with the lit LED, the RCTime value
drops to well below 125. Thus, as the array is turning, it is checking this RCTime value that
is beingmeasured on pin P3. When the value goes below 125, the null value for the array
servo is serially transmitted to it, and the array stops.
7.03.5 Communication: Once the array has lined up the CdS photocell with the lit LED, it
again uses its transceiver board to transmit the fact that it is ready for the first robot to move
ahead. This is done by turning pin P5 on the Stamp high (+5 volt ttl signal). Connected to
P5 is the Inl pin on the transceiver board. Thus, the Inl pin gets a +5 volt ttl signal that can
be transmitted to the transceiver board on the first robot.
7.03.6 Locomotion: Once the signal is sent to the first robot to move forward, the second
robot pauses two seconds, the moves ahead the one inch necessary to make it line up with the
hole. This is done by briefly turning the two drive servos on again, then quickly shutting
them off. Once the second robot has aligned itselfwith the hole in the pipe, it is ready to
utilize the attached pump to finish the job of sealing the hole.
7.03.7Pump: After the second robot has moved into the hole position, it is ready to
dispense the sealant, and must use the pump. The entire array pans back and forth to cover
the entire hole area so as to not just dispense the sealant in one small area because the final
sealant nozzle is quite small. As the array is panning, the pump uses a pulsing system of 100
milliseconds on and 100 milliseconds off to shoot the sealant into the hole. This pulsing
system allows the sealant to shoot rapidly and quite firmly into the found hole.
7.03.8 Conclusions: Once the sealant has been dispensed into the hole, the robot again
begins the waiting process for a signal from the first robot that another hole has been found
and the program can repeat itself. If there are no more holes, once the robot exits the pipe its
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sensors will go off, calling the second robot. Thus the second robot will drive itselfout of
the pipe, where it can be powered off, having completed its required task.
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VII. Robot Assembly
1. Component Placement: Once all subsystems had been built, it was necessary to
place them on the robots so they could serve their specific function on each of the robots.
Once this process was complete, the entire robotic system could be tested. Each of the final
assembled robots can be seen in figures 55 and 56.
1.01 Hole-Finding Robot (Robot #1): The hole-finding robot needed placement for
sensory items that allowed for holes in pipes to be found, the communication of this
information to the second (hole sealing) robot, and the ability to receive communication data
from the second robot when it arrives at the hole location.
1.01.1 Bottom ComponentHolding Piece: On the very bottom of the robot, the SSC was
screwed in place with four (4) 4-40 screws. Once it was screwed in place, the three servos
were plugged in to servo ports 0, 1, and 2 (left track, right track, and hole finding array
respectively). The power connections for the servos, and the SSC were glued in place on the
power supply holder, which in rum was glued in place onto the bottom component holder
piece.
1.01.2 Middle ComponentHolding Piece: The middle component holding piece featured
the hardwired circuit board with the Stamp and electronics wired in place. This board was
screwed in place with four (4) 4-40 screws, with a
V"
spacer placed underneath the board at
each of the screw locations so as to keep the board flat, and not bent. Also, a slotwas drilled
in the component holding piece so as to allow for the board power supply to be connected to
the power supply holder on the bottom level of the robot. Once the +9V connectorwas put
through the slot, it too was glued in place on the power supply holder. Each of the power
supplies was labeled for future use.
1.01.3 Top ComponentHolding Piece: The top piece of the robot featured several holes
for placement ofcomponents. This piece can be viewed in Appendix C, drawing number
1017. The 0.480 x 0.880 slot was used to place an on/off switch so power to the Stamp could
easily be controlled. The 0.500 diameter hole right next to the slot housed a reset button to
reset the Stamp programs. The other 0.500 diameter holewas put in place to allow the
programming cable to connect
to the Stamp. Finally, the 1.850 x 0.375 slot was put in place
to allow the transceiver board to come up from the middle component holding piece through
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the top component holding piece. This board was secured on the top of the chassis side
pieces with hot glue when the final assembly was completed.0.375 slot was put in place to
allow the transceiver board to come up from themiddle component holding piece through the
top component holding piece. This board was secured on the top of the chassis sidepieces
with hot glue when the final assembly was completed.
1.02 Hole-Sealing Robot (Robot #2): This hole-sealing robot needed sensory items that
could communicate with the first robot to find hole position, and then seal the hole.
1.02.1 Bottom ComponentHoldingPiece: The bottom component holding piece had all
the same components as the first robot. However, the second robot also had the reed relay
with the Darlington array chip on a board glued in place next to the SSC. Once again, all
power connections were glued to the power supply holder.
1. 02.2 Middle ComponentHolding Piece: The middle component holding piece on the
second robot was the same as on the first, holding the board with the Stamp, and having a
notch in place to allow the power connection to be glued in place onto the power supply
holder on the bottom component holding piece.
1. 02.3 Top ComponentHoldingPiece: The top component holding piece on the second
robot again had several holes drilled into it for component placement. This piece is viewable
in Appendix C, drawing number 1018. The 0.500 and 0.250 diameter holes were drilled for
placement of the power
on/offbutton and the reset
button respectively. The
1.850 x 0.375 slot was drilled
so the transceiver board could
again come up through the
top component piece from the
middle component piece.
Also, the 0.625x1.100 slot
was drilled to allow the
connection of the pump to the
power supply holder on the
Figure 55: Hole-Finding Robot
- Final Assembly
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bottom of the robot. This allowed for a +9V connection to the pump to be connected to the
power supply holder on the bottom level of the robot.
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VI. Testing
1. Top Level Concept: Once the robots were assembled, it was necessary to return to
the testing phase, and test each subsystem, ultimately leading up to the complete testing of
each robot individually, and finally, testing the two robots working together to find and seal
holes in a pipe. The following section details the testing of this robotic system, the problems
that were found, and how they were corrected.
1*01 Robot #1 Locomotion down a pine: The first test done on robot one was just to see
if it could drive down the PVC pipe used in testing. This test focused on the two servo drive
motors and whether they could provide the correct amount of torque to drive down the pipe.
1.01.1 Results: There was no problem with the robot driving down the pipe during this test.
However, it was noticed that the robot tended to slide up onto one side of the pipe because
the only thing contacting the pipe I.D. was the flange on each of the pulleys. The track belt
was not contacting the I.D. Therefore, it was determined that the flanges needed to have
something put on them to avoid slipping. It was decided to try to coat each of the outer rear
wheel flanges with rubber (similar to that that is put on tool handles). In this way, the slip
was minimized, and there was a muchmore fluid grabbing of the pipe I.D. Also, it was
decided to eliminate the tracks all together, and just utilize the timing belt pulleys as wheels.
The reasoning for thiswas that it was much easier to control the drive servos speed without
the track tension. This control was crucial on the first robot, where the speed of the servos
had to be as slow as possible. Future projects could look into more tracked motion with
better control of the tracks through other drive motors than servos.
1.02 Robot #1 Array Rotates with Locomotion
Incorporated: This test was done to verify that therewas no
problem with the array rotating, and searching for holes as the
robot moved down the pipe.
1.02.1 Results: There were no major problems with the array
movement. It rotated approximately 1 10 degrees back and
forth, searching for holes in the pipe.
1.03 Robot #1 finds a hole w/ sensors rotating and















most important that was done on the first robot. The goal in this test was to see if, as the
robotwas driving itselfdown the pipe, it could locate a hole. Also, as a subtest, it was
desired to see what was the smallest size hole that could be found with the first robot.
1.03.1 Results: Once the speed of the drive servos was set, this test could be run. The
microswitches did locate the hole without too much problem. Once this areawas found to be
okay, the focus of the testing became the hole size that could be found. The following table
summarizes the results of the various hole sizes tested. From the table, one can see that holes
as small as 0.400 inches could be picked up by the sensors. However, it was desired to have
a high success rate. Because of this, larger holes were tested, and better success rates were
found, endingwith a 100% success rate with 0.3750 holes.
1.04 Switch Communication when first robot finds a hole: This test was to check and
see if the transceiver boards could utilize switch RF communication to notify the second
robot that a hole had been found.
1.04.1 Results: There were no major problems in completing this test. Once one of the
switches opened, and a hole was found, the first RF board easily transmitted the signal to the
second robot RF board.
1.05 Robot #2 Locomotion down the pipe: This test was the same as 1.01 with the first
robot as itwas just to test the locomotion of the second robot.
1.05.1 Results: The second robot locomotionwas deemed acceptable, with the same results
as were found on the first robot. The original SSC that was attached to the second robot was
found to be faulty and had to be replaced. Once this was done, the entire system worked
correctly.
1.06 Utilize Sonar Sensor to find the first robot: The sixth test performed allowed for
the implementation of the sonar sensor that was attached to the second robot to control when
the robot stopped as its locomotion was going forward down the pipe.
1.06.1 Results: Once the second robot's sonar sensor was put into use, the results were very
positive. As the second robot moved down the pipe, the user was easily able to see the
results of the sonar sensor use as the distance between the two robots slowly decreased.
Once the second robot arrived at the first (within 1 inch), the locomotion easily stopped, thus
concluding the test. A graph of time to travel down the pipe versus distance can be seen in
Graph 1 . As one can see, the graph was not purely linear. However, it was quite close, and
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the main reason that the graph is not perfectly linear probably centers on the fact that the
servo motion (accounting for slipping) may not have been linear. The main idea that came
out of this test was that the sonar sensor was a good choice to use in order to allow the
second robot to find the first one. Although the sonar sensor's best use is to gauge distance,
it worked quite well for the purpose of range finding.
Graph 1: Sonar Sensor Time versus Distance
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1.07 First Robot Rotates backwards to line up the LED with the Hole: Once the
first robot found a hole, the goal was to use a timing circuit to rotate the array backwards so
as to line up the lit LED with the hole, so the second robot could line up easily with the hole
location when it was called.
1.07.1 Results: In order to rotate backwards, some sort of timing had to be placed in the
programming. In order to do this, testing took place to see exactly what PWM was necessary
to rotate the array far enough so the LED lined up with the hole. Therefore, the PWM value
was found to be 75. Therefore, the array was set to rotate backwards 75 positions (or PWM's
on the servo) once a hole was found. This allowed for the LED to align itselfwith the hole
found. When tested, this system seemed to work perfect.
1.08 Second Robot Uses Light Sensor to Line up with lit LED: This test was
designed to verify that the second robot array could line up with the lit LED on the first
array. If the light sensor lined up correctly, the sealant dispensing system would be in perfect
position to dispense sealant into the hole.
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1.08.1 Results: Utilizing all other systems that had been deemed acceptable, the CdS cell
was used to try to find the lit LED that was aligned with the hole. The array had to be
positioned all the way clockwise, since it would rotate counterclockwise. When the CdS cell
was used, it was found that the photocell could pick up anyRCTime value that was less than
200. This seemed to be where the light from the LED gave the correct value for the CdS cell
(200). Once this value was found, the array stopped, and the second robot was ready to
dispense sealant.
1.09 Secondary Communication from Second Robot to First Robot: The second
area ofcommunication that was necessary for this system to work was that from the second
robot to the firstwhen the second arrives at the first. This was done in the same way that the
initial communication was done, through RF switch mode.
1.09.1 Results: The results of this test were again positive. The first robot was able to move
forward when it got the signal from the second that it had arrived at the hole location.
During the testing phase of this project, the first robot moved forward rapidly for a few
seconds so as to allow the second robot plenty of room to dispense fluid into the hole.
During normal operation, it would not be hard to allow the first robot to just begin searching
for another hole after the second robot arrived at the first hole location.
1.10 Second Robot Moves to Final Hole Location: The final necessarymovement of
the second robot was a short, quick movement forward in the pipe, to center itselfunderneath
the hole that had been found. In this way, it would be perfectly located to dispense the
sealant into the hole. This movement was done using a timing circuit, where the wheels on
the robot would begin to move forward, and the programming would pause for a user entered
value. This value was found to be around 1.5 seconds.
1.10.1 Results: After several tests, the correct value for the timing circuit was found. Once
the correct value was entered, it was quite easy to allow the second robot to move into the
final hole position.
1.11 Liquid Distribution Testing: The final tests that needed to be run on this robotic
system to verify that it worked correctlywere the liquid
distribution tests. These tests were
run on the pump system to
find its limitations, and how itwould work pumping fluid into
various holes. The first test run tested to see how a +9-volt batterywouldwork as the power
supply driving the pump. As discussed earlier, this did not work well, and an +18-volt
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supplywas used instead. The following summarizes the tests that were run on the pumping
system once the 18-volt supply had been decided upon.
1.11.1 Liquid Viscosity Test: Since the pump used on this project was quite small, testing
was done to verifywhat the maximum viscositywas of the pumping fluid. This was done
more for future projects, to see what types of sealants could be ultimately implemented when
a second-generation prototype was designed. Themaximum viscosity that was found that
could be used on this project was that somewhere around
"nectar."
It would be described as
not quite the consistency ofmaple syrup. However, the pumping on this type of fluid was
very slow, and it did not pump consistently. Also, for testing purposes, there was quite a bit
of cleanup in this area. Therefore, water was used for the remainder of the testing, since the
goal of this project was to show that the tasks ofhole finding and sealing could be completed
with autonomous robots. After this viscosity testing, the goal of the project became to show
that a hole could be found and sealed, even though the sealingwould not take place, since
water was the fluid being dispensed. Future projects should look into actual sealants, and
how they could be dispensed into found holes in pipes.
1.11.2 Panning Test: Initially it was thought that the sealant system would be able to line
up immediately below the hole, and dispense the sealant into the center of the hole.
However, it was determined that this type ofoperation would not be suitable if the hole was
considerably large
(0.375"
diameter and up). Therefore, a panning system needed to be used
in order to dispense the sealant into the hole. In this way, the sealant fluid could be
dispensed into a larger area. Extensive testingwas done to find the limitations of the panning
system. However, there reallywere not any limitations. Since the sealant dispensing system
was attached to the array servo, it was quite easy to rotate it back and forth in a panning
motion. The testingmerely became finding the calibration of the panningmotion for the
sized hole the robot would find. In the end, the robot was calibrated for a hole as big as
0.500". In this way, it could still go down a pipe and find holes that are smaller than
0.500"
and dispense sealant into them. However, it would be somewhat overkill since the system
would dispense the fluid into a wider area thatwas actually necessary. The panningmotion
of the arraywent such that itmoved backwards after it found the hole, and thenwent back
and forth across the hole several times (again, this was a user enter value for howmany times
the nozzle should pan across the hole). This seemed to work quite well, as the sealant easily
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reached to the hole, and actually shot right through it. Once this test was verified, the testing
section was completed, and the entire robot could be verified, and the project completed.
Each of the robots can be seen within the pipe in figures 57 and 58.
Figure 57: Hole Finding Robot within a PVC Pipe
Figure 58: Hole Sealing Robot within a PVC Pipe
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IX. Recommendations for FutureWork
1. Overall Thoughts: By the conclusion of this project, it had become apparent to the
author that there were many areas that could have been improved upon. As with any first
generation prototype, many items could be changed in the future to make a better and more
robust design. As is commonplace, it takes a generation ofprototypes to make the mistakes
that can be corrected on new designs. The following section summarizes the areas that could
be improved upon when the Pipe Searcher II robot project commences.
1.01 Locomotion: The area of locomotion could drastically be improved upon for future
prototypes. The locomotion on this prototype was originally to be tank-like tracks that would
contact the pipe from the front of the robot to the back. However, after testing it was
determined that the wheels alone should be used due to the ability to control the drive servos
better. Obviously, the ultimate goal would be to use the tank tracks again, but in a way that
would allow them to contact the pipe from the front of the robot to the back. In order for this
to happen, the tracks would need to be angled outward so that they form a triangle from the
center of the robot to each edge of the tracks. This would provide great locomotion as the
entire trackwould be utilized to drive the system. Also, the drive system would need a better
connection system. The timing belt pulleys used in this project had flanges that were
necessary to hold the belt. However, these flanges ended up being the only contact points for
the drive system. In future prototypes, the tank track system should be better able to allow
the track to drive the robot, as opposed to the pulley.
1.02 Drive System: Future prototypes should perhaps look into a better drive train than
modified servomotors. After a long search for this project, it was determined that the
modified servo motors would be the best option. However, it could be possible to build a
gear train to drive the robots. This could be driven by some sort of stepper motor to give a
large torque that would be excellent for driving the entire system. The servo motors used in
this project worked quite well for what was being asked of them. However, the true use of
servos is for precise positioning, not continuous rotation. Therefore, a gear trainmight be a
more feasible solution.
1.03 Hole-Finding Sensors: One of the largest improvements could come in the area of
the hole-finding sensors. Ideally, future prototypes would find away to utilize non-contact
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sensors. This would provide for amuch smaller prototype, and one that could probably be
slightlymore accurate in locating smaller holes, as it would not be dependant on the
microswitch arm size. Perhaps there is still something in the area ofultrasonics that has not
been explored for this project that could be used. However, it would be very beneficial to
move away frommicroswitches and more towards something non-contact as it would allow
for various sized pipes to be inspected with the same robot.
1.04 Communication Method: As of the conclusion of this paper, RF Digital has just
released a new set of transceiver boards that could be tried to improve upon the
communication method of this project. The exploration of serial communication should
again be explored to see if it is feasible. It would be a more accurate depiction of the hole
location if the first robot were able to relay the array servo position to the second robot, and
allow the second array servo to move to this same position. By using the newer transceiver
boards itmight become possible to transmit data serially between the two robots, and
improve on the area ofcommunication.
1.05 Energy Efficiency: The goal of future prototypes should be to becomemuchmore
energy efficient. The ultimate goal of the project should be to see if a single, larger scale
batter could be used to replace all of the batteries currently onboard each of the robots. Such
batteries as those used in a laptop could be studied. The goal of a single power source would
allow for a muchmore robust system that would only require the monitoring of a single
battery, rather than the several that have to bemonitored currently.
1.06 Sealant System: Obviously, one of the biggest problems with this project centers on
the area of sealing the hole. New hole sealing techniques should be reviewed, and a better
pumping system should be designed for future prototypes. In the second generation of this
project, the goal should be to actually seal the holes that are found, not just simulate it. New
sealants would need to be tested, and one that would have an expanding volumes, such as
Great Stuff (used around windows to seal cracks) would have to be tested. Ultimately,
another system other than a pump may have to be used if the sealant is found to be too sticky,
or thick to go through a pump. However, the thought process in using a pump on this project
was that future prototypes could still use the pump, and merely adjust the type of fluid being
pumped out. Ifnon-contact sensors were used, andmuch smaller holes were found in pipes,
the pump system currently on-board mightwork quite well, if a thin viscosity sealant was
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used. Finally, it might be possible for the sealant system to actually have a telescoping
nozzle that wouldmove within millimeters of the hole position to dispense the sealant. In
this way, there would not be a large gap to fire the sealant through. It would be a tight fit to
fire the sealant from close range, and spread it throughout the hole.
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X. Conclusions
1. Overall Thoughts: The pipe searching robot project was one of the first projects to be
started and completed under the umbrella ofLACOMS. Because of this, its scope was quite
large. Building an entire system of two robots that complete a task was both difficult and
rewarding. The ability to put an entire system together like this provided for an opportunity
to incorporate mechanical, electrical, and programming systems. By combining all ofthese
together, the autonomous system for finding and sealing holes was designed. The overall
scope of this project was perhaps a bit too wide in the end. Amore systematic approach to a
project like this would probably provide for better results in future prototypes. Although this
approach would not be as
"fun,"
the results that could be obtained on the specific systems
would be far greater. In any event, the end of this project gives a good starting point for
future pipe searching prototypes. All of the systems used on this project could be used in
future prototypes to create even better robots. It is the hope of the author, that future pipe
searching prototypes can utilizemany of the systems found on these two robots, and this
entire robotic system as a whole, to create even better systems in the years to come.
1.01 A Robust Demonstration: The issue ofrobustness is one that each thesis project
should review. In this pipe searching robotic system, there is quite a bit of robustness. The
main reason that this project is robust is due to the fact that it will work consistentlywithout
failure, when utilizing the proper hole size. As was seen in Table 1, if a hole of
0.375"
diameter or larger is being searched for, the user can be assured that it will be found every
time. This is robustness in its truest sense since the robotic system will always work, without
a chance of failure. In every prototype system that is designed in industry today, the goal is
always to have to highest quality system with the greatest amount of robustness possible. In
this pipe searcher system, a 100% success rate indicates that the system is as robust as
possible when searching for holes of
0.375"
in diameter and larger. Future pipe searcher
prototypes will look into just as robust a system with smaller hole diameters that can be
found utilizing non-contact sensors.
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Table 2: Purchased Components
Item Name Vendor Part No. Qty Cost Ea. Total
Bronze Flanged Bearing McMaster Carr 6338K412 4 $0.44
Bronze Flanged Bearing McMaster Carr 6338K414 4 $0.41
Timing Belt Pulley McMaster Carr 57105K28 8 $8.97




BASIC Stamp H Parallax, Inc. BS2-IC 2 $41.65
Low TorqueMicroswitches Glenwood Sales E53-OOB 4 $1.00
Britght LED Radio Shack 276-086 4 $2.59
Servo Motors - Array Parallax, Inc. HS-300 2 $19.95
Ultrasonic Range Finder Lynxmotion.com SRF04 1 $25.00
CdS Photocell Radio Shack 276-1657 1 $0.25
RF Tranciever Boards - 433 MHz RF Digital 27988 2 $125.00
Micro-Diaphragm Liquid Pump KNF Neuberger NF10 1 $76.00
Reed Relay Switch Radio Shack 275-233 1 $2.49
Darlington Array Chip Parallax, Inc. ULN2803 1 $1.50
Mini SSC H Scott Edwards Elec. 27912 2 $49.00
Aluminum Stock Metal Supermarkets 6061 2 $20.00
Plexiglass Sheets Commercial Plastics Plexi 6 $5.50
Fuel Cell Resevoir The Hobby House GPMQ4102 1 $3.79
1.02 Cost Analysis: Please refer to Table 2 for this section. This robotic system featured
many electronic components integrated into several mechanical systems. If an engineering
firm had taken on this project, there would have been an extremely high cost for design and
component selection, since this is where the bulk of the time was spent on this project.
However, this cost analysis will focus on the machining, assembly and testing to produce
these prototypes. The machining on this project was not all that extensive. The two most
difficult pieces to make were the chassis side pieces. These had several holes that had to be
drilled at tight tolerances to ensure the entire project fit together correctly. The arrays also
took some time to make, as they needed to be cut on a CNC mill. The remaining pieces on
each of the robots were quite easilymachined and the entire chassis went together quite
easily. The main cost in producing this type ofrobotic system would really come from the
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components, specifically the electronics that are used. Table 2 summarizes the components
used, and their cost. The fact that this projects final cost was under $1000.00 illustrates the
fact that autonomous robotics does not have to be extremely expensive. If this project were
to be mass-produced, once would probably find a cheaper cost, as buying many of these
electronic components in large quantities. If, in future prototypes, the designerwere to
switch from the contact microswitches to something non-contact, such as ultrasonics, one can
expect amuchmore expensive end product. It should be noted that the project cost does not
include those materials that were purchased for testing purposes, butwere not used on the
final design. The figure of$944.95 is a figure forwhat the final design cost to build. This is
quite a reasonable cost, given the fact thatmost of the purchased components came directly
off the shelf, andwere not special ordered. It is the opinion of the author that this cost is very
acceptable for the type ofdesign thatwas completed.
2. Differences/Improvements Over Past Projects: Throughout this paper, it has
been noted that this project was created for the purpose ofdoing something that had not been
done in the past. This was to find and simulate the sealing ofholes in pipes using a
two-
robot system. As was noted in the literature search, there are many robots on themarket
today that can inspect pipes via teleoperation, or even mill through a deposit that is blocking
a portion of the pipe diameter. However, many of these robots rely on umbilical cording
which makes them much larger and difficult to maneuver within pipes. Because of this, the
goal in this prototype was to create a system that could search and seal holes autonomously
without needing the wiring connections on currents pipe searchers. This goal was
successfullymet, as any hole with a diameter of
0.375"
or largerwill be found 100% of the
time when this prototype is utilized. This is quite exciting for the future of this project in
terms ofnew prototypes being generated. The fact that certain hole sizes were analyzed and
the ability to find them was 100% will allow future prototypes to shrink in size and begin to
find smaller diameter holes with a 100% success rate. The success of this project also can be
shown in the cost analysis that was discussed above. Many of the projects on the market
today have costs that can go into the tens of thousands ofdollars. The parts on this project
were kept to under $1000.00, which again deviates from the norm in industry today. Future
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prototypes can decrease the cost evenmore, leading to more efficient, more cost effective
products.
3. Final Thoughts: In conclusion, the Pipe Searcher I project can be deemed a success in
manyways. First, it is the first system of its kind that has ever been created. This fact alone
makes it a success. In the future, students will have something to build upon in the area of
pipe searching. Also, it can be deemed a success from the aspect that a robust system with
autonomous capabilities was produced. The tasks of finding and sealing holes in pipes is
quite difficult. The completion of this task through this project helps to say that this project
was a tremendous success. Whether it be in pipe searching or just autonomous robotics in
general, the groundwork has been laid formanymore successes in these areas. With the Pipe
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1. Top Level Concept:
Since servos aremainly
used for precise
positioning, many of the
readers of this paper
might wonder how it
could be used to move a
robotics system.
However, there is a way
in which servos can be
modified for continuous
rotation. Whenmodified









a servo simply becomes an extremely compact gearbox with a speed control.
Please refer to the schematic of a blown-up servo shown in Figure Al during the
description of themodification process.
Servo Modification, Step 1 : Refer to Figure A2 for this section. The four screws
on the bottom of the servo were removed and the bottom plate taken off. Using a
small screwdriver, the PC board motor control unit was pried from the plastic
case. Once themotor unit is
removed from the casing, the 5K
feedback pot was desoldered so that
it could be replaced with a couple of
resistors.
3. ServoModification, Step 2: The
resistors used had a resistance of2.2
KQ. By replacing the pot with the
two resistors, it kept the feedback
loop of the servo mechanism at the
Figure A 2: ServoModification, Step 1
5KPot
A-l
Figure A 3: ServoModification, Step 3
"centered"
value.
4. Servo Modification, Step 3: Refer to
Figure A3 for this section. The top
cover of the servo was removed to
reveal the gear box. The top gear with
themechanical stop on it was removed
and the stop was filed off.
plastic mechanical stop
5. ServoModification, Step 4: The potentiometer inside the servo case was
removed. The wiper was then cut off and the stop was punched out so the
potentiometer could rotate freely.
6. ServoModification, Step 5: All of the gearing was then reassembled, and the
servo was tested to verify all the connections were properlymade.
A-2
Appendix B: Handbook Information on
Alternative Design Products
Section JNo. Part Name Page
1 Tamiya Twin Motor Gear Box B-2
2 Tamiya High PowerMotor Gear Box B-2
3 HS-300 Standard Sport Servo B-3
4 HS-645 - Standard Sport Servo B-4
5 Subminiature Snap Action Switches B-5
6 Ultrasonic Ranger Sensor B-5
B-l
Section 1: Tamiya TwinMotor Gear Box [22 [
TWIN MOTOR GEAR BOX
Item: 70097
0> Gear Ratios: 58: 1 207:1
Motor: (2) fa-130
The Twin Motor Gear Box uses a two motor system to provide power and speed to turn the hex
shaft. The gear box is made from plastic. Two FA-130 motors are included.
Section 2: Tamiya High Power Gear Box [22 [
HIGH POWER GEAR BOX H.E.
Item: 72003
Gear Ratios: 41.7:1 64.8: 1
Motor: re-260
Detailed View
The High Power Gear Box has high efficiency, and works well when extra torque is necessary.
Two gear ratios are possible, and a RE-260 motor is included. Several types of crank arms are
included for extra flexibility in design.
B-2
Section 3: HiTec 300 Series ServoMotor [23 [
HS-300 - Standard Sport Servo
Hitec RCD's best selling servo, the HS-300 has precise
heavy-duty resin gears and SMT circuitry. The HS-300
presents a remarkable value in today's R/C market.
Applications
Throttle and steering servo for most popular cars,
buggies and smaller trucks. Sport aircraft weighing less






oz\in kg\cm oz\in kg\cm
Torque 42 3.3 49 3.7
Speed @ 60 degrees 0.19 0.15
Standard Metric
Size L xW x H 1 x
0.8"
x 1 41 x 20 x 37mm
Weight 1.75 oz 44.5g
Stock #'s
Connector Type Resin Gear







Horn And Hardware Set 56317
Kimbrough Servo Saver 59401
B-3
Section 4: HiTec 645 Series ServoMotor [23 [
HS-645MG - Super Torque Metal Gear Servo
A new generation of Hitec servos using our unique MP and
Alumite gear train technology have arrived. Featuring our
guaranteed un-breakable geartrain, the powerful HS-645MG
is perfect for those high demand applications requiring a
standard sized servo. The HS-645MG has two ball bearings
for fine resolution and a strong three pole motor. Want a
little more speed ? try the HS-625MG






scale on and off road vehicles
Specifications




Speed @ 60 degrees; 0.24 sec.
Standard







40.6 x 20 x 38 mm
57.5 g.
Stock it's
Connector Type Metal Gear
Hitec / JR / Airt-Z 32645S
Fut.- J 32645J
Parts andAccessories Part it
Case Set 55402
Gear Set (Metal) 55302
Horn Set 56315
Horn And Hardware Set 5631 7
Kimbrough Servo Saver 59401
B-4







Vertical and Horizontal PCB mounting,
automatic assembly, light weight,
ultra-subminiature size for space
savings
Silver orGold Thermoplastic Lever
Contacts j Thermoplaslk;
Cass and Cover Characteristics













Section 6: Devantech SRF04 Ultrasonic Ranger Sensor [25]
This high performance ultrasonic range finder is compact and measures an amazingly
wide range from 3cm to 3m.
B-5
Specifications
Beam Pattern ; see graph
1 - - .. -
Voltage 5v
Current 30mA Typ. 50mA Max
Frequency 40KHz
Maximum Range 3 m
Minimum Range 3 cm
Sensitivity Detect a 3cm diameter stick at > 2 m
Input Trigger lOuS Min. TTL level pulse









Specifications subject to change without notice
Beam Pattern
B-6
Appendix C: Component Drawings
Drawing No. Part Name Rev.
1000 Track Support - Right Side A
1001 Component Support Blank - Top A
1002 Component Support Blank - Bottom A
1003 Hole-Finding SensorArray A
1004 Track Support - Left Side A
1005 Top Track Support A
1006 Top Track Attachment A
1007 Top Track Chassis Attachment A
1008 Track Front Attachment A
1009 Light Sensor Holder A
1010 Pulley Sleeve A
1011 Hole-Finding SensorArray - Large A
1012 Light-Seeking SensorArray A
1013 Light-Seeking Sensor Array - Large A
1014 Rear Shaft A
1015 Front Shaft A
1016 Sonar SensorAttachment A
1017 Component Support - Top - Front Robot B
1018 Component Support - Top - Rear Robot B
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Appendix D; Project Components
Section No. Part Name Page
1 Bronze Flanged Bearing D-2
2 Timing Belt Pulleys D-3
3 Bronze Flanged Bearing D-4
4 Hi-Tec 645 Series ServoMotor D-5
5 Spacers D-6
6 Timing Belts D-7
7 BASIC Stamp H D-8
8 Miniature Low Torque Microswitches D-10
9 10mm Red LED D-14
10 Hi-Tec 300 Series ServoMotor D-15
11 Ultrasonic Ranger Sensor D-16
12 CdS Photocells D-18
13 433 MHz Transceiver Board D-19
14 NF10 Micro-Diaphragm Liquid Pump D-31
15 Reed Relay Switch D-33
16 DarlingtonArray Chip D-34
17 Mini SSC H D-43
D-l
Section 1
Bronze Plain Thrust & Flanged Bearings
For information about plain bearings, Pmax, Vmax, and PVmax, see page 070.





An alloy of copper, tin, and carbon
> SAE-30 oil. Heat created by
between the shaft and bearing, reducing wear and increasing resistance to shock loads
. these porous sintered bronze bearings are vacuum-impregnated with
18-20% shaft movement draws the oil to bearing surface. The oil acts as a cushion
Thrust BearingsSupport loads parallel to their axis of rotation (i.e. thrust loads).
Flanged BearingsDo the work of both sleeve and thrust bearings, handling radial and thrust loads.
i For Shaft Dia. Tolerance 1















12-18 mm +.006 to +.033 mm


















+.028 to +.055 mm
+.035 to +.068 mm
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Dia.. OD, Lg., OD, Thick.,
mm mm mm mm mm Each
For
Shaft Flange
Dia., OD, Lg., OD, thick.,
mm mm mm mm mm Each
For
Shaft Flange
Dia., OD, Lg., OD, thick.,
mm mm mm mm mm Each
1? 15 1? 18 1.5 6659K11 .$1.76 14 ?0 ?? ?6 ..3.. ...6659K26. .$4.38 ?n ?4 ?n ?R .2 6659K42 J3.32
1? 15 16 18 1.5 6659K12 . 1.85 15 19 16 ?3 .2.. 6659K27 . 2.29 ?0 ?6 16 3? ..3 6659K43... 4.50
1? 15 ?n 1fl 1.5 6659K13 . 1.97 15 19 .20 ?3 ..2.. 6659K28 . 2.71 ?0 ?fi ?0 3? .3 6659K44 5.26
1? 17 1? ?? 2.5. 6659K14.. . 2.12 15 21 16 ?7 ..3.. .. 6659K29 . 3.65 ?? ?7 18. 3? 2.5 6659K45 4.21
1? 17 16 ?? ?,5 6659K15 . 2.50 15 ?1 . ?0 ?7 ..3.. 6659K31 . 4.21 ?? ?7 ?? 3? ..2.5...6659K46... 4.94
1? 17 ?n ?? ?.S 6659K16 . 2.97 16 ?0 16 ?4 ..2.. 6659K32 . 2.41 ?? ?R 15 34 ..3 6659K47 5.03
1? 1R R ?4 3 . 6659K17 . 2.32 1fi ?n 20 ?4 ..2.. 6659K33 . 2.79 77 n 20 34 .3 6659K48 .... 6.18
1? 18 1? ?4 3 6659K18 . 2.88 1fi 7? 16 ?fi ..3.. 6659K34 . 3.79 ?? ?fi ?? 3R 2 5 6659K49 6.00
1? 18 ?0 ?4 3 . 6659K19 . 4.06 16 22 ?0 ?fl ..3.. 6659K35 . 4.44 77 29 18 36 3.5 6659K51 6.26
14 18 14 ?? 7 . 6659K21 . 2.00 18 ?? 1R ?6 ..2.. 6659K36 . 2.82
n XH 77 3H ..3.5...6659K52... 7.26
14 18 18 ?? 7 6659K22 . 2.35 18 ?? ?? ?6 ..2.. 6659K37 . 3.29 ?H 30 70 35 2.5...6659K53 . 5.15
14 18 ?? 77 ? 6659K23 . 2.74 18 ?4 18 30 ..3.. 6659K38 . 4.50 ?5.. 3? ?0 39 3.5 6659K54 7.68
14 ?n 14 ?fi 3 6659K24 . 3.15 18 ?4 ?? 30 ..3.. 6659K39 . 5.24





For information about pulleys, see page BIO.
ij^ij^ij^ij^ij^ij^ij^ij^ij^ij^ij^ij^H
Miniature MXL Series Aluminum Timing-Belt Pulleys
Miniature, lightweight
pulleys are for use with
MXL series timing belts.
They are double flanged
and have a finished
bore with set screw.
Pitch is .08".









OD Teeth Dia. Size (W) (X) CO Each (W) (X) 00 Each
0.425"....10 .0.225"..
Ve"
..0.160". .0.201"..0.438". ..137SK11.. $7.16 0.290". .0.330". .0.563". 137SK29 $7.33
0.450".. ..11 ..0.280"..
Ve"
.0.160*. .0.201"..0.438"...1375K12.. 7.24 0.290". .0.330". .0.563". 1375K31. 7.44
0.480"....12 ...0.306"..
Ve"
..0.160". .0.201"...0.438"...137SK13. 7.36 0.290". .0.330". .0.563". 1375K32 7.62
0.530"....14 ...0.357"..
Ve"
..0.160"...0.201"..0.438"...1375K14. 7.62 0.290". .0.330"..0.563". 1375K33 7.84
0.555"....15 ...0.382"..
Vie"
.0.160"...0.201". .0.438". 1375K15 7.71 0.290". .0.330". .0.563". 1375K34. 7.91
0.580"....16 .0.407"..
Vie"
.0.160"...0.201". .0.438". 1375K16. 7.60 0.290". .0.330"..0.563". 1375K35 8.02
0.635"...18 ...0.458"....Vie"... .0.160". .0.260". .0.434"...1375K17. 7.24 0.290". .0.389*. ..0.625". 1375K36 7.44
0.685"....20 ...0.509"..
'A"
.0.160"...0.208". ..0.43R"...1375K21. R.24 0.290". .0.337". .0.563". 1375K39 8.47
0.710".. ..21 ...0.535"..
Ve"
.0.160"...0.208". .0.438"...1375K23 R.3R 0.290". .0.337"...0.563". 1375K42 8.62
0.740".. ..22 ...0.560"..
Ve*
..0.160". ..0.208". .0.438". 1375K25 8.44 0.290". .0.337". .0.563". 137SK44 8.76
0.790".. ..24 ...0.611"....'A".... .0.160". .0.260"..0.516". 1375K26 7.84 0.290"..0.389". .0.688". 1375K45 8.09
0.895".. ..28 ...0.713"..
Ve*
.0.160"..0.260"..0.516"...1375K27. 8.24 0.290". .0.389"..0.688*. 1375K47 8.47
0.945*.. ..30 ...0.764"..
Ve"
..0.160"..0.260"..0.516". 1375K28 8.40 0.290". ..0.389"..0.688*. 1375K48 8.64
XL, L, and H Series Timing-Belt Pulleys
Finished
Bore
All of these pulleys have a double flange, unless noted. Finished-bore steel pulleys come with two set screws.
Use the bore as furnished, or machine it to fit your application. Finished-bore acetalplastic pulleys have an alu
minum hub and are furnished with one set screw. Bushing-borepulleys are machined steel, unless noted. They use
quick-disconnect (QD) bushings (see page 898) or keyless bushings (see pages 897 and 898).
Ffrishea-Apre Pulleys
No. of Pitch Bore i






Each OD (W) (X) (Y) Each
ForXL-Series Belts



















































































For L-Series Belts ptf Pitch)- Vf Belt Wd
10 1.194"....







? Not flanged. V Bore size is Vie".
Nfiieej$Mii4$|ifg^^ .. ,y x.--"<--<.
.'$-
No. of Pitch Bushing i
1/2"
Belt Wd. 1 i
3/4"
Belt Wd.



























































































































W S7105K33 4-V14 80
' 1"
Bolt Wd.
Each (W) (X) Each










...JA Vie*.... Ve*. 6495K212 .... 20
22
2.626"
...JA Vie*.... Ve*. 6495K213... 21
3.11*. 24 2.865*... SH Vie*.... Ve". 6495K214 19
3.34". 26
3.104"














Vie".... Ve". 6495K218 24.
4
53"
. 36 4.297"... SDS Vie".... Ve". 6495K219 42
5.02*. 40 4.775". SDS Vie".... Ve". 6495K220 45
6.02"














14 2.228"...JA 1Vie"....1Vie"....6495K511... 21.
280"
16 .. . 2.546"... JA 1Vie"....1Vie"....6495K512.... 24.
311"






3.75"^:;] 22 3.50T...SD 1Vie*....1Vie"....6495K515e 32
402"
24 3.820V..SD 1Vie"....1Vie"....6495K516e 35
4'39-







30 4.775"... SD 1Vie"....1Vie"....6495K519* 47"
32!.!".. 5.093"...SK 1Vie"....1Vie"....6495K520* 50
5
95"
36 . 5.730". SK VAe"....1Vie"....6495K521* 59











120 . . 19.099*... SF 1Vie"....1Vie"....6495K525** 80.
* Cast iron. ? Not flanged. Bushing size is SDS. + OD is











































VVie".... 6495K612 31.22 2Via"...
44
1Vie"
VVie".... 6495K613 32.30 2Via"...
07
IVie"





















VVie". 6495K621*... 65.99 2Va"...
22
1Vie"
VVie".... 6495K622*.... 71.56 2V"...
68
1Vie"
VVie*... 6495K623*.... 84.34 2Via"...
55 VVie".... VVie"....
6495K624**' 83.47 2"Aa"..
77 VVie".... VVie". 6495K625**" 178.47 2"Aa"..


















































Bronze Plain Thrust & Flanged Bearings
For Information about plain bearings, Pmax, Vmax, and PVmax, see page 970.




An alloy of copper,
18-20% SAE-30 oil. Heat created by
between the shaft and bearing, reducing wear and increasing resistance to shock loads
tin, and carbon, these porous sintered bronze bearings are vacuum-impregnated with
shaft movement draws the oil to bearing surface. The oil acts as a cushion
Thrust BearingsSupport loads parallel to their axis of rotation (i.e. thrust loads).
FlangedBearingsOo the work of both sleeve and thrust bearings, handling radial and thrust loads.
I For Shaft Dia. Tolerance 1














12-18 mm +.006 to +.033 mm
20-25 mm +.007 to +.040 mm














15-18 mm +.028 to +.055 mm
19-30 mm +.035 to +.068 mm
32 mm +.043 to +.082 mm









8 mm .10 mm
12-22 mm 196














For Shaft For Shaft For Shaft
























































































mm.fiangri^mm*- -vm '. : ',&>/'
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-.:y.i.




























































































































































































































12... IS 1? .18 1.5...6659K11... $1.76 $3.32
1? 15 1R .18 1.5...6659K12.... 1.85 15... 19 IB .23 2 6659K27... 2.29 20... ?6 .16.. ..32 3.... 6659K43... 4.50
1? Vi 70 .18 1.5...6659K13... 1.97 15... 19 .20 .23 2 6659K28 2.71 20... ?R ..20.. ..32 3.... 6659K44 . 5.26
1? 17 1? .22 2.5...66S9K14... 2.12 15... ..21.. ..16... .27 3 6659K29 3.65 22... 77 .18.. ..32 2.5. 6659K45 . 4.21
1? 17 16 .22 2.5...6659K15... 2.50 15... ..21.. .20... .27 3 6659K31 ... 4.21 22... ?7 ..22.. .32 2.5. 6659K46... . 4.94
12... 17 ?n .22 2.5...6659K16... 2.97 16... .20.. .16... .24 2 6659K32 2.41 22... 7R 15 ..34 3... 66S9K47.. . 5.03
'12... 1R R .24 3 6659K17... 2.32 16... .20.. ..20... .24 2 6659K33 2.79 22... ?R 20 ..34 3.... 6659K48 . 6.18
12.... 18 1? .24 3 6659K18... 2.88 16... ?? 1fi 28 3 6659K34 3.79 22... ?H .22.. .38 2.5. 6659K49 . 6.00
12.... 1R ?n .24 3 6659K19... 4.06 16... ?? ?0 .28 3 6659K35 4.44 22... 7H .18.. ..36 3.5. 6659K51 . 6.26
14.... 1R 14 .22 2 6659K21... 2.00 18.... ?? 18 .26 2 6659K36... 2.82
22... ?H ..22.. .36 3.5. 6659K52.. . 7.26
14.... 18 18 .22 2 66S9K22... 2.35 18.... ?? ?? .26 2 6659K37 3.29 25... 30 .20.. ..35 2.5. 6659K53 . 5.15
14.... 18 ?? .22 2 6659K23... 2.74 18.... ?4 18 .30 3 6659K38 4.50 25... M .20.. ..39 3.5. 6659K54 . 7.68
14.... ?n 14 .26 3 6659K24... 3.15 18.... 74 ?? .30 3 6659K39... 5.24




HS-645MG - Super Torque Metal Gear Servo
A new generation of Hitec servos using our unique MP and
Alumite gear train technology have arrived. Featuring our
guaranteed un-breakable geartrain, the powerful HS-645MG is
perfect for those high demand applications requiring a standard
sized servo. The HS-645MG has two ball bearings for fine
resolution and a strong three pole motor. Want a little more
speed ? try the HS-625MG
Applications





and off road vehicles
Specifications
Bearing Type Dual Ball Bearing
Operating Voltage 4.8v 6.0v
oz\in kg\cm oz\in kg\cm
Torque 107 7.7 133 9.6
Speed @ 60 degrees 0.24 sec. 0.20 sec.
Standard Metric
SizeLxWxH 1.6 x 0.8 x 1.5 in. 40.6 x 20 x 38 mm
Weight 2.1 oz. 57.5 g.
Stock #'s
Connector Type Metal Gear




Gear Set (Metal) 55302
Horn Set 56315
Horn And Hardware Set 56317




About Spacers and Standoffs
Spacers and standoffs separate devices such as circuit boards and chassis componentswithout sacrificing easy access.
They're
also ideal for locating and guiding parts in assemblies. Round spacers, also called clearance spacers, are unthreaded. Threaded
spacers are called standoffs. Choose hex standoffs when you need to use a wrench.
18-8 Stainless Sfee^-Strorig and electrically conductive, it
offers excellent corrosion resistance even in continuous out
door exposure. Nonmagnetic. Meets ASTM A581 and A582.
Type 316 Stainless SteelMolybdenum gives this nonmag
netic metal better corrosion resistance than T8-8 stainless steel.
Type 416 Stainless SteelHardened and heat treated for
strength and wear resistance. Hardness is Rockwell C35-42.
Zinc-PlatedBrass Like 18-8 stainless steel, it Is strong, cor
rosion resistant, electrically conductive, and nonmagnetic. Ad
ditionally, zipc-plated brass can be solderedIdeal for ground
ing. Meets ASTM B16. Zinc plated to ASTM B633.
AluminumMade of 2011T3 aluminum alloy. Mild resistance
to weather-related corrosion with one-third the weight of steel.
"T"
indicates heat treated. - .
Black-FinishAluminum201 1-T3 aluminum, butwith an an-
odized finish to reduce reflectiveness. Meets MIL-A8625E.
Zinc-PlatedSteel-Made of 1 2L14 steel. Good rust resistance,
NylonOur Type 6/6 Nylon is corrosion resistant tough, and
resilient. Ideal in electrical and electronic assemblies. With





rosive, and chemical resistant. Handles temperatures up to 1
25"
F.
TeflonIdeal in places where wear is a potential problem,
Teflon is nonconductive, moisture resistant, and chemical re
sistant. Withstands temperatures tip to
500*
F.
Nickel-Chrome Plated SteelHighly polished and buffed to
a bright, mirror-like finish. Resists wear and corrosion.
Heat-Treated SteelHeat treating adds strength and dura
bility to this 4140 alloy steel. Hardness is Rockwell C33-39.
Grade L5 CeramicCombines tensile and compression
strength in high-temperature and high-voltage applications.






Also called clearance and through-hole spacers. ID is based on screw size (see
chart). Tolerances for all spacers except nylon, Type 316 and Type 416 stainless
steel: ID. * .0107-.000"; OD. .003"; length. .005". Tolerances for nylon: ID and OD.
.005"; length,
.005"





and .010"for lengths 1
Ve"
to VA". Tolerances for Type 316 and Type 416 stainless
steel: ID, OD, and length: .005". Nylon spacers are sold in packages of 100.
Screw Size No. 2 No. 4 No. 6 No. 8 No. 10 No. 12














OD Spacers EBZBB Please specify screw size: 2 or 4
Ve"












































92320A206A 1.03 90309A006A 32








OD SpacersliAiUAUH Please specify screw size: 6. 8, or 10









90309A005A 28 92510A305 30
92510A306 35
92510A307 39
92320A208A 1.20 90309A008A 50 92510A308 39
92320A209A 1.28 90309A009A 57 92510A309 47
90309A010A 65 92510A310 50
92320A211A 2.33 90309A011A 2.16 92510A311 62










Ve" 92320A217 1.18 90309A017 49 92510A317 61
Va" 92320A218 1 .25
Ve" 92320A219 1 .45













90309A020 82 92510A320 78
90309A021 1.04 92510A321 82
90309A022 87 92510A322 84
903O9A023 1.80 92510A323 1.23
90309A024 2.38 92510A324 1.69
Ht OD SpacersBSEHSBS Please specify screw size: 6, 8, 10. or 12
i/,"
_.Z.

















































































































A No. 2 not available. No. 4 not available. No. 6 not available. V No. 12 not available
(Continued on following page)













































































Trade Outer No. of '// Width W Width
Size Circle Teeth Each Each
s?
PltchU-
The trapezoidal tooth profile mates with grooves in timing-belt pulleys for a
positive grip. Use to synchronize two or more shafts.
Belts eliminate the slippage associated with V-belts, and the noise and lubri
cation problems of metal roller chain. They have polyester cords.
For pulleys, see page 904.
L Series Belts Ve" Pitch
Trade Outer No. of W Width *M Width
1"
Width














































































































































































































































































































































































































































42* 84 6484K27 14.66
450H
ZZ-AS" 90 6484K205 15.45
480H 96 6484K29 16.21
490H
49" 98 6484K31 16.59
510H . ..








57" 114 6484K305 18.26
585H
58.5" 117 6484K306 18.78
60QH
































































































































































































































This easy-to-use gauge helps you set timing-belt
tension to lessen vibration, noise, and slippage. Just
depress the handle, insert the hook over the belt,











































3ASIC Stamp 2 module
ii >p-~f
^.tuutuuut'
$41 .65 Educational Price
#BS2-IC - 0.02 lbs.
Qtv 1 ffifo
The building block of the Stamps
In Class curricula.
BASIC Stamp 2 (#BS2-IC) is a small microcontroller the size
of a postage stamp that runs PBASIC programs. The BS2-IC
has 16 fully programmable I/O pins that can be used to directly
interface to logic level devices, such as buttons, LEDs,
speakers, potentiometers, and shift registers. And with just a
few extra components, these I/O pins can be connected to non-
TTL devices, such as solenoids, relays, RS-232 networks, and
other high current/voltage devices.
The physical design consists of a 5-volt regulator, resonator,
serial EEPROM, and PBASIC interpreter. A tokenized PBASIC
program is stored in the non-volatile serial EEPROM, which is
read from and written to by the interpreter chip. This interpreter
chip fetches one instructions at a time and performs the
appropriate operation on the I/O pins or internal structures
within the interpreter. Because the PBASIC program is stored
in an EEPROM, it may be programmed and reprogrammed






"The BASIC Stamp is the






the same time. Thanks
for giving us all the
D-8
Section 7
chance to work with
Parallax for two very full
days at our Educator's
Course in Eastport,
serial level

























To program the BS2-IC, you just plug it into the Board of
Education, connect it to an IBM PC or compatible and run our
editor software to create and download your program via serial
cable. The BS2-IC holds 500 to 600 instructions and executes
an average of 4000 instructions/sec.
The BS2-IC may be purchased alone, in the Board of
Education Full Kit(no printed manual), or in a Starter Kit
(includes printed manual). The BASIC Stamp Manual Version
2.0 describes the PBASIC command set. This document and









Long life coil spring
mechanism















E Series Miniature Low Torque
Contacts and Ratings
Prefix Rating
E51 6 amp, 250VAC
Silver Alloy Contacts







See electrical life chart on page 11-4.
Actuators
Wireform actuators are supplied unassembled for each
switch.Wireforms may be readily assembled to switch rotor
as shown.
Terminals
All terminals are combination quick connect and solder.
Standard Parallel QC used on -00B and -00E (0.205 x 0.032)
Standard Parallel QC used on -00R and -00T (0.187 x 0.020)
Vertical Twist QC used on -50B and -50E (0.205 x 0.032)
Vertical Twist QC used on -50R and -50T (0.187 x 0.020)
Vertical Straight QC used on -60B and -60E (0.205 x 0.032)






Case General Purpose Phenolic





Recommended mounting screw size: #4-40
Round head
Recommended torque on screw: 4 inch lbs. max.
Circuitry
This series is available in single pole double throw and
single pole single throw either normally open or normally
closed. In general normally open may be specified by adding
01 to suffix numbers, and normally closed by adding 02. For
example E51-00B is double throw, E51-01B is normally open
and E51-02B is normally closed.
How to Order
Select the current rating you need. Combine the
corresponding Series/Prefix number with the appropriate
suffix number for the switch type, circuitry and terminals you
require.
Operating Characteristics







Note: Special models and tooling capability available for
custom wire form actuators.




E Series Miniature Low Torque
eWjetfMflMaeftlk^efclAflA4-1117








Cat.#: 276-086 Model: 276-086





Typical MCD is 5000. Typical wavelength is 660nm. Size is T3
10mm. Clear lens color. Viewing angle is 30. 36mA (max). T




Hitec Home | Aircraft Home | Surface Home | Support | Where t<
HS-300 - Standard Sport Servo
Hitec RCD's best selling servo, the HS-300 has precise
heavy-
duty resin gears and SMT circuitry. The HS-300 presents a
remarkable value in today's R/C market.
Applications
Throttle and steering servo for most popular cars, buggies and
smaller trucks. Sport aircraftweighing less than 8 lbs. / 3.6 Kg.
Specifications
Bearing Type Nylon Bushing
Operating Voltage 4.8v 6.0v
oz\in kg\cm oz\in kg\cm
Torque 42 3.3 49 3.7




x 1 41 x 20 x 37mm
Weight 1.75 oz 44.5g
Stock #'s








Horn And Hardware Set 56317




Devantech SRF04 UltraSonic Ranger
This high performance ultrasonic range finder is compact and measures an amazingly
wide range from 3cm to 3m. This ranger is a perfect for your robot or any other projects
requiring accurate ranging information. You can also get a nifty Lvnxmotion SRF04
Housing for your SRF04 Rangers.
Please Note:
We have been notified that some SRF04 Rangers produced prior to July 26, 2001 may
give false readings of 1 to 3 inches due to a 22uF tantalum capacitor being incorrectly
fitted. Please note that we have personally made the modification on all of our remaining
stock and the sensors you purchase do not need to be modified. Ifyou had purchased a
SRF04 from us prior to July 26, 2001, Devantech has posted aModification example
here.
Specifications
Beam Pattern see graph
Voltage 5v
Current 30mA Typ. 50mA Max
Frequency 40KHz
Maximum Range 3 m
Minimum Range 3 cm
Sensitivity Detect a 3cm diameter stick at > 2 m
Input Trigger lOuS Min. TTL level pulse





















P201D-7R: . . 1 Lux
P201D-5R:
Specifications Faxback Doc. # 3
I TION @ RESISTANCE ILLUMINATION @ RESIS
13 kOhms 100 Lux . . . .@. . . 900
15 kOhms 100 Lux . . . .@. . . 1.1
120 kOhms 100 Lux . . . . 7
130 kOhms 100 Lux . . . .@ 8
160 kOhms 100 Lux . . . .0 9
TYPE DISSIPATION
P722- 7R: . . 150 mW . . .
P722- 5R: . . 70 mW . . .
P1201 : . . . 70 mW . . .
P201D-7R: 100 mW . . .
P201D -5R: . 50 mW . . .
CELL RESISTANCE
POWER VOLT. BETWEEN 10 LX RESPONSE
ERMINALS 0 LX MIN-MAX RISE
200 VDC . 0.5 MOhms . 2.5-7.5 kOhms .. 50 ms .
100 VDC . 0.5 MOhms . 5.3-15 kOhms ... 50 ms .
100 VDC ... 5 MOhms . . 20-60 kOhms ... 40 ms .
200 VDC . . 20 MOhms . . 23-67 kOhms ... 50 ms .
100 VDC . . 20 MOhms . . 48-140 kOhms . . 50 ms .
Coating : Resin
Voltage betwee Terminals @ 25 degrees C 10
Power Dissipation @ 25 degrees C
Ambient Temperation Range (C) -30
Spectral Peak 540 nm ty
Cell Resistance 0 lx 5 M Ohm mi
Cell Resistance 10 lx Min 20 kOhms - 60
Gamma 100/10 0 . 75 ty
Pre-historic Error (Change PE) @ 1 lx +0.10 for 30 sec ty
Pre-historic Error (Change PE) @ 1 lx +0.15 for 120 sec ty
Color Temperature Error (Change CE @ 10 lx) -0.15 ty
Response Time @ 10 lx 40 ms Rise ty
Response Time @ 10 lx 30 ms Decay ty
Specifications are typical; individual units might vary. Specification
subject to change and improvement without notice.
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Transmitter Part # 27986
Receiver Part # 27987







There are three Wireless RF Modules, Transmitter, Receiver and a Transceiver. These RF Modules are
designed to serve as a tool for electronic design engineers, developers, hobbyists and students to perform
wireless experiments. These modules make it easy for any NON RF Experienced developer to add Wireless
RF Remote Control to their project. NO RF Knowledge required. The RF Modules are in a PCB (Printed Circuit
Board) form with a 17 Pin 0.1 Inch spacing header that fits directly into most all prototyping boards. They are
easy to use boards that include encoders, decoders, addressing, RF data processing and even the antenna, in
a simple fully range tested board, that is ready to plug right into your project. Just apply +5VDC, ground, and
the communication pins you require and enjoy hassle free wireless communications.
The Transmitter, Receiver and Transceiver all have 9600 baud serial interfaces and stand-alone, 3 function
switch inputs and outputs. The modules can communicate over distances up to 250 feet. The boards operate
on +5V and easily interface to your Basic Stamp 2 or Basic Stamp 2sx.
P/434Lt/4Xfi Z^Z^ /Za7<2Z>/J2>&7/Z.t^ /X}OZ<*\/zy7/2S2se\/L
Web: http://www.parallaxinc.com or http://www.stampsinclass.com Email: stamptech@parallaxinc.com
Sales / Technical Support Tel: (916) 624-8333 Fax: (916) 624-8003
599 Menlo Drive * 100 Rocklin. CA 95765 1-27-2000, V1 .0 Mfg. by www RFDiiitaLciB
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P/SRA\\A n RF MODULES
Two Modes of Operation:
Connecting GND to the Mode pin places the module in Switch Mode.
Connecting +5V to the Mode pin places the module in Serial Mode.
Switch Mode:
The transmitter, receiver and transceiver have 4 address pins (labeled ADDR1 - ADDR4), providing 16 address
combinations. Placing OV or 5V on the 4 address pins sets the unit's address (in a binary fashion). For
example, placing OV on all pins sets the address to zero. Placing 5V on all pins sets the address to 15.
The transmitter, receiver and transceiver also have 3 switch data pins (labeled IN1 - IN3). OV or 5V logic levels
placed on the input pins of the transmitting module are automatically sent to the output pins (labeled OUT1
-
OUT3) on the receive module. In addition, 16 different modules can be addressed with the built-in 4-bit address
pins. The receiver will receive the switch data on its 3 switch output pins only when its 4-bit address matches
the transmitter's 4-bit address. The 4-bit address does not apply to serial mode.
Serial Mode
In serial mode (with +5V applied to the Mode pin) the modules can send and receive serial data at 9600, N, 8, 1
with +5V and OV logic levels. Simply connect a single wire to the Transmit Data pin (labeled TXD) and send
9600 baud data into the module. The receive module outputs the same data at 9600 baud. All RF data
processing is done automatically by the modules. You cannot send a continuous 9600 baud stream; spacing
between 9600 baud bytes has to be at least 1 5 milliseconds. A flow control pin is provided for the transmitting
side to assist with achieving maximum efficient throughput. The Parallax Basic Stamp 2 and BASIC Stamp 2sx
have built-in commands to do serial byte pacing and flow-control handshaking in one single instruction (see
source code examples).
MINIMAL REQUIREMENTS
Single direction communication requires at least:
Option a: 1 Transmitter and 1 Receiver.
Option b: 1 Transmitter and 1 Transceiver.
Option c: 1 Transceiver and 1 Receiver.
Bi-directional communication requires at least: 2 Transceivers.
Multi Point Communications can be achieved by:
Placing one transmitter at each node that needs to send information.
Placing one receiver at each node that needs to receive information.
Placing one transceiver at each node that needs to send and receive information.
REGULATORYWARNINGS
^ These modules (boards) are not FCC approved. They are designed to comply with the FCC Part 15 Rules
and Regulations. They are not in a finished product form. They are strictly intended for experimental
purposes only. If you wish to use these modules in an actual product (a non-experimental capacity), the
module must first be designed into the product, then the whole product must be approved by the FCC. For a
list of FCC approved Labs that can test your final product for compliance contact RF Digital Corporation at
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? It is the responsibility of the user to be aware of the regulatory requirements in their area of operation and
application. For exact information contact the FCC Office at:
Federal Communications Commission




? USE OUTSIDE OF THE U.S.A. It is the responsibility of the user to be aware of the regulatory requirements
in their area of operation and application. Contact your local regulatory agency and obtain compliance
information.
^ For O.E.M. Design-In Guidance for the modules please contact:
RF Digital Corporation





Email: oem@rfdigital.com or info@rfdigital.com or support@rfdigital.com
OPERATIONWARNINGS
^ Do not expose the boards to direct outdoor environment. If they will be used outdoors, keep them away from
water, moisture and direct sunlight.
^- The serial input and output pins operate at +5V and OV logic levels. Do not attempt to connect directly to a
computer RS232 port as this will damage the module. Typical levels at a computer RS232 port are +10V
and -10V; these voltages would immediately damage the module. The module is intended to interface
directly with the Basic Stamp 2, the BASIC Stamp 2sx and other +5V logic devices.
? Keep the top part of the board (PCB Trace Antenna, opposite end of the 17 pin header) at least 4 inches
away from any object, especially metal, wires and batteries as this will de-tune the antenna, drastically
reducing performance. Laying the module flat on a work desk made ofwood, plastic or glass can sometimes
cause problems as well, since some paints contain conductive materials.
^ Do not touch the adjustable capacitor located at the top of the board. This part is factory tuned and must not
be adjusted. It is set at an optimal operating position and if moved will drastically reduce performance.
^- If mounting the board, use the mounting holes located in the center and corner of the boards. Only use
plastic stand-offs and plastic screws. Using any electrically conductive materials near the board will reduce
performance of the board.
P/4LL>1Xri /aX7<>S>{L!7/Z,/W /T&2*e\/7y7/ia*\/L
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^ For best performance position the module boards as high off the ground as possible, in a horizontal position
and keep as far away from microprocessors (or wires connected to microprocessors) as possible. High
speed switching noise can interfere with reception.
t^- In classroom environments, many transmitters and receivers may be within communication range. When
not
in use, disconnect power from your project, including the module, to assure there is no chance for




Size: 1.75 Inch x 3.25 Inch x 0.4 Inch
Environmental:
Temperature: +10c to +60c
Electrical:
Power +5 VDC +/- 0.250 VDC
Logic Levels:
Cmos: OV = Ground = Logic 0 = Logic Low
Cmos: +5V = VDD = Logic 1 = Logic High
Current Consumption:
Transmitter: 10 Milliamp (Condition: Transmitting in switched mode)
Receiver: 15 Milliamp (Condition: Receiving in switched mode, with no output load)
Transceiver: 20 Milliamp (Condition: Transmitting in switched mode)
Note: Loading output pins will add to current consumption.
Maximum Output Loading:
Maximum load per pin is 5 milliamps.
Maximum pin loading total: 15 milliamps.
RF:
Frequency: 433.92 MHz +/- 200 KHz Typical
Transmit: Typical 1 Milliwatt
Receive: Typical -104 dbm
Can drive a single led per output pin, in switched mode with a 470 ohm resistor in
series. If it is needed to drive
larger loads, use NPN switching transistors.
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PIN 1 : GND: (Input) Ground pin. Connect to power supply ground.
PIN 2: +5VDC: (Input) Power Supply pin. Connect to regulated +5VDC, +/- 0.250 VDC.
PIN 3: MODE: (Input) Serial/Switch Mode Pin. The Mode Pin, determines if module will operate in switch
mode or in serial mode. This pin has an internal pull down; leaving it open will be same as connecting it to
ground. This pin can be left open if only switch mode is to be used. Switch mode
= OVDC, Ground, Low, Logic
0, Open. Serial mode = 5VDC, High, Logic 1 . Changes on this pin can take up to 1 second to take effect. This
pin can be changed on the fly, while power is applied.
PIN 4: TXD: (Input) Serial TX Data Input Pin. This pin is used to enter serial data for the transmitter to send.
Serial data should be sent at 9600 Baud, 8 Data Bits, No Parity, 1 Stop Bit. Standard Serial Protocol.
CAUTION: THIS IS NOT RS232! The module's levels are +5VDC and ground (CMOS logic levels). RS232
levels exceed +10V and -10V, levels which will damage the module. If connection to an RS232 port is desired,
special circuitry is required to protect the input to the module. Continuous 9600 baud data cannot be input to
this
pin, at least 15 millisecond spacing must be provided between the bytes. This pin only functions in Serial Mode.
PIN 5: TXFLO: (Output) Serial Flow Control Pin. This pin is used to achieve maximum serial throughput. The
module accepts data at 9600 baud but can only transmit between modules at 1200 baud. This pin is optional,
but can be used to automatically pace the data for maximum efficiency. This pin should connect to the device
that outputs the 9600 baud serial data to the module. When the module is ready to accept a 9600 baud byte,
this pin will be low. When the module is not ready to accept a 9600 baud byte, this pin will be high. The sending
device should monitor this pin to know exactly when the module is ready accept another byte for maximum data
transfer efficiency. The BASIC Stamp 2 and BASIC Stamp 2sx has a built-in flow-control pin feature in the
SEROUT command that works perfectly with the TXFLO pin. This pin only functions in Serial Mode.
PIN 6: RXD: (Output) Serial Receive Data Pin. This pin outputs serial data that is received by the receiver.
Serial data rate is 9600 Baud, 8 Data Bits, No Parity, 1 Stop Bit. Standard Serial Protocol. CAUTION: THIS IS
NOT RS232, its levels are +5VDC and ground, CMOS logic levels.
RS232 levels exceed +10V and -10V, levels
which will damage the module. If direct connection to an RS232 port is desired, special circuitry is required to
protect the input to the module. This pin only functions in Serial Mode.
PIN 7: NC: (Input) NO Connection. Leave this pin open. Do not
ground or terminate.
PIN 8: IN1: (Input) Switch Input 1. Internally pulled down.
When left open this pin is logic low. When
connected to +5VDC this pin is logic high. A logic high on this pin will
send a
"1"
to the receive pin OUTL This
pin only functions in Switch Mode.
PIN 9: IN2: (Input) Switch Input 2. Internally pulled down.
When left open this pin is logic low. When
connected to +5VDC this pin is logic high. A logic high on this pin
will send a
"1"
to the receive pin OUT2. This
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PIN 10: IN3: (Input) Switch Input 3. Internally pulled down. When left open this pin is logic low. When
connected to +5VDC this pin is logic high. A logic high on this pin will send a
"1"
to the receive pin OUT3. This
pin only functions in Switch Mode.
PIN 11 : OUT1: (Output) Switch Output 1. Normally low. When transmitter IN1 is high, this pin will be high.
500 Milliseconds after IN1 on the transmitter is returned to low, this pin will return to a low state. The 4-bit
address on both transmitter and receiver must match for this output pin to go high. Leaving all 4 address pins
disconnected will effectively set the module to address 0. This pin only functions in Switch Mode.
PIN 12: OUT2: (Output) Switch Output 2. Normally low. When transmitter IN2 is high, this pin will be high.
500 Milliseconds after IN2 on the transmitter is returned to low, this pin will return to a low state. The 4-bit
address on both transmitter and receiver must match for this output pin to go high. Leaving all 4 address pins
disconnected will effectively set the module to address 0. This pin only functions in Switch Mode.
PIN 13: OUT3: (Output) Switch Output 3. Normally low. When transmitter IN3 is high, this pin will be high.
500 Milliseconds after IN3 on the transmitter is returned to low, this pin will return to a low state. The 4-bit
address on both transmitter and receiver must match for this output pin to go high. Leaving all 4 address pins
disconnected will effectively set the module to address 0. This pin only functions in Switch Mode.
PIN 14: ADDR1: (Input) Address Input 1. 1 of 4 address input pins. 16 different binary combinations applied
to ADDR1 through ADDR4 allow unique addressing of transmitter, receiver, and transceiver pairs. This input
has no effect when in serial mode (when Mode pin is connected to +5V). This pin only functions in Switch Mode.
PIN 15: ADDR2: (Input) Address Input 2. 1 of 4 address input pins. 16 different binary combinations applied
to ADDR1 through ADDR4 allow unique addressing of transmitter, receiver, and transceiver pairs. This input
has no effect when in serial mode (when Mode pin is connected to +5V). This pin only functions in Switch Mode.
PIN 16: ADDR3: (Input) Address Input 3. 1 of 4 address input pins. 16 different binary combinations applied
to ADDR1 through ADDR4 allow unique addressing of transmitter, receiver, and transceiver pairs. This input
has no effect when in serial mode (when Mode pin is connected to +5V). This pin only functions in Switch Mode.
PIN 17: ADDR4: (Input) Address Input 4. 1 of 4 address input pins. 16 different binary combinations applied
to ADDR1 through ADDR4 allow unique addressing of transmitter, receiver, and transceiver pairs. This input
has no effect when in serial mode (when Mode pin is connected to +5V). This pin only functions in Switch Mode.
SIMILAR COMMUNICATING MODES
Similar mode settings are when the transmitter and receiver have the same mode setting. For example the
transmitter is set to serial mode and the receiver is set to serial mode. The two tables below indicate how the
modules will function
Transmitter = Serial Mode Receiver = Serial Mode
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Transmitter = Switch Mode Receiver = Switch Mode
Any logic high +5VDC placed on IN1 , IN2 or IN3 of the transmitter will be reflected at the receiver's OUT1 ,
OUT2 or OUT3, respectively. Logic levels on transmitter and receiver address pins ADDR1 to ADDR4 must
match.
NON-SIMILAR COMMUNICATING MODES
Non-similarmode settings are when the transmitter and receiver have opposite mode settings. For example,
transmitter's Mode pin is connected to OV (Switch Mode) and receiver's Mode pin is connected to +5V (Serial
Mode)..
Transmitter = Switch Mode Receiver = Serial Mode
Any logic high (+5V) applied to IN1, IN2, or IN3 of the transmitter can be read out of the RXD serial output
pin of the receiver. While any of the three inputs, IN1 , IN2 or IN3 are high, the transmitter will repeatedly
transmit the same byte of information to the receiver. The byte contains IN1 , IN2 and IN3 switch input
information, in addition to the status of the 4 address pins of the transmitter. See table below.
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
OUT1 OUT2 OUT3 ADDR1 ADDR2 ADDR3 ADDR4 0
IMPORTANT: OUTPUT DATA BITS AND ADDRESS BITS ARE INVERTED
Example:
The transmitter is in switch mode and +5V is applied to ADDR3 and +5V is applied to IN1. With the receiver
in serial mode, the RXD pin will output the following serial byte; 01 1 1 1 100. The LSB, bit position
"0"
of the
received byte is not used and is always "0". For everywhere a
"1"
is placed on any transmitter input pin (IN1
- IN3) the receiver will display a
"0"
in that bit position. For everywhere a
"0"
or open is applied to any
transmitter input pin the receiver will display a
"1"
in that bit position. When a transmitter is in switch mode, it
will only transmit when one of the three inputs IN1, IN2 or IN3 are brought to +5V.
P/R4Ll/4Xri
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Transmitter = Serial Mode Receiver = Switch Mode
Serial data is input into the TXD pin of the transmitter at 9600, 8, N. Use the table below for addressing the
receiver's 4 address bits and the 3 OUT bits. When a serial byte is transmitted from the transmitter to the
receiver (with addresses), OUT1 , OUT2 and OUT3 of the receiver will reflect the state of the bit positions in
transmitted byte. The receiver reads its address pins (ADDR1 through ADDR4) to verify the received byte is
intended for it. See table below.
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
IN1 IN2 IN3 ADDR1 ADDR2 ADDR3 ADDR4 -
IMPORTANT: INPUT DATA BITS AND ADDRESS BITS ARE INVERTED
Example:
The transmitter is in serial mode and the following byte is sent 10110110. The receiver will compare the
inverse of the 4 address bits to the settings on it's four address pins. If there is a match then it will enable it's
outputs and the first three MSB bits will be inverted and sent to the OUT1, OUT2 and OUT3 (OUT2 will be
high, OUT1 and OUT3 will be low). If the address does not match OUT1, OUT2 and OUT3 will not be
modified. For this example, the receiver (in switch mode) will need to have ADDR1=0, ADDR2=1, ADDR3=0
and ADDR4=0. The LSB, BITO, is a don't care bit. It can be 0 or 1 and the receiver will ignore this bit.
APPLICATIONS
O.E.M. APPLICATIONS
For O.E.M. Design-In Guidance for the modules please contact:
RF Digital Corporation
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Hook-up Using Switch Mode
The following example demonstrates an addressable, three-function pushbutton remote control. All inputs
including the mode pin are internally pulled low, so when in switch mode, it is not necessary to connect the mode
pin. Connecting the mode pin to ground or leaving it open has the same result. The LEDs on the receiver side
can be replaced with NPN transistors to be able to drive relays that can be used to switch high current loads. Do
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Hook-up Using Serial Mode
Use the Basic Stamp 2 or BASIC Stamp 2sx's SERIN and SEROUT commands to send and receive 9600, N, 8,
1 bytes. The modules can not send and receive continuous 9600 baud serial data. If the Flow Control (TXFLO)
will not be used for sending serial data (TXD), you must have at least 15 milliseconds spacing between the start
of each byte. Refer to the SERIN and SEROUT commands in the Basic Stamp Manual for more information.
TXD, TXFLO and RXD pins are +5V logic. THEY DO NOT SUPPORT RS232 VOLTAGE LEVELS.
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BASIC STAMP 2 & BASIC STAMP 2SX - SAMPLE CODE
Visit our web site for code and documentation updates.
http://www.parallaxinc.com
Data can be sent and received with these modules simply by using the BASIC Stamp 2 and 2sx's SERIN and
SEROUT commands (for Serial Mode) or simply by setting pins high and low (for Switch Mode). The RF
Transceiver, Transmitter and Receiver modules do an excellent job of filtering out background noise and provide
a clean serial stream or digital signal on the receiving side. Refer to the source code examples on the disk or CD
named Simple_Tx.BS2 and Simple_Rx.BS2 (for the BASIC Stamp 2), or Simple_Tx.BSX and Simple Rx.BSX (for
the BASIC Stamp 2sx).
However, for nearly any kind of data transmission, the possibility of transceiving (the ability to transmit and
receive) is a very powerful thing. The bi-directional nature of this type of communication lends itself well to
sending data and verifying that it was received properly. This is of particular importance when the medium is one
that is typically prone to interference and dropout, such as with RF.
If you purchased the RF Transceivers (Part#27988) then you can take advantage of this capability to send and
receive data in a robust, error checking, fashion. The disk or CD that accompanies the RF Transceivers contains
a number of source code examples for interfacing the RF Transceivers to two BASIC Stamp 2 modules (or to two
BASIC Stamp 2sx modules) and communicating between them in a packet-type format. These examples focus
on a Master/Slave relationship. The Master device (one BASIC Stamp 2 with Transceiver) sends textual data
while the Slave device (the other BASIC Stamp 2 with Transceiver tries to receive the data properly and display it
on a 2 x 16 Serial LCD Module Part#27910 or 27913. Note: It is not required that you use this method to
send and receive data with these modules. The following information and examples are given as a means
of a very robust type of communication, if data accuracy is important to your application.
The Master and Slave devices actually carry out a bi-directional conversation over the RF Transceiver link to
send, receive, verify and re-send if necessary. The data sent from Master to Slave is formatted into a variable-
length data packet. A data packet is simply some kind of data with a header and footer attached. The format for
the packets is shown in below:
Packetfl | Data Count | DataValueT Data Value n Checksum Checksum 2
BYTE 1 BYTE 2 BYTE n+1 BYTEn+2 BYTE n+3
Byte 1 consists of two pieces of data, the Packet Number and the Data Count. The Packet Number is a value
from 1 to 15 (0 is an illegal value). The Packet Number is the ID of the packet relative to the previously
transmitted packet and is used to verify that no duplicate packets are mistaken for new data. The Data Count is a
value from 0 to 15 representing the number of Data Values in this packet. Packets can contain from 1 to 16 bytes
of data values (at least 1 Data Value is required). Thus, the number of Data Values is actually Data Count + 1 .
Byte 2 through Byte n+1 are the actual Data Values where n = Data Count + 1.
Byte n+2 and Byte n+3 marks the end of the packet and consists of a checksum value. Two different methods
are shown in the code examples. One simply XORs Byte 1 through Byte n+1 together to come up with a 1-byte
checksum (Byte n+2). This is a simple method but only catches about 90% of transmission errors and is
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n+3 doesn't exist). The second method is based on a Cyclic-Redundancy-Check algorithm. The CRC16, as it is
called, uses a sophisticated equation to calculate a checksum that catches 99% of transmission errors and is
unaffected by symmetrical data. (If this method is used, Byte n+3 is the last byte of the packet).
The Master and Slave use an acknowledge-based protocol to communicate with each other. The process works
in the following fashion:
a) The Master decides to send some data.
i) It creates a new packet number (previous packet number + 1).
ii) It builds a packet, one byte at a time, calculating the checksum (using the XOR or the CRC method)
for each byte. It finishes the packet by appending the checksum (1 or 2 bytes) to the end.
iii) It transmits the entire packet.
b) The Slave periodically checks for incoming data.
i) If a packet arrives, it calculates a checksum (using the same method as the Master).
ii) If the calculated checksum matches the received checksum, the Slave transmits a positive
acknowledgement to the Master (by simply transmitting the checksum).
iii) If the calculated checksum does not match the received checksum, the Slave transmits a negative
acknowledgement to the Master (by simply transmitting the one's-compliment form of the checksum).
iv) If the packet is good (as determined by step ii above) the Slave verifies that that packet number is not
the same as the previous packet's (indicating that a duplicate was received) and processes the data
of the packet. In this example, the process is simply to pass the data on to the Serial LCD Display. If
the packet number is the same, the packet is just ignored.
v) If the packet is bad (as determined by step iii above), the Slave starts over, looking for a packet
again.
c) The Master, immediately after sending the packet, looks for an acknowledgement from the Slave.
i) If a negative acknowledgement or no acknowledgement was received, the Master delays a random
amount of time (0 to 255 ms) and then retransmits the entire packet.
ii) If a positive acknowledgement was received, the Master continues with its other tasks.
Using the above methods of transmission, data can be sent reliably for more than 250 feet. Our tests reached
more than 400 feet, with trees and buildings in between. Many packets became lost or damaged in transmission
but the two devices were able to adjust for this and communicate slowly. Your environment may cause different
results.
The source code provide is named
"Txcvr_Master_..."
and "Txcvr_Slave_...". Each piece of code has a
corresponding companion program. For example, the Txcvr_Master_XOR.BS2 source code uses the XOR
method and is meant to be programmed into the
"Master"
device (a BASIC Stamp 2). The Slave device should
be programmed with the corresponding
"Slave"
code, namely Txcvr_Slave_XOR.BS2.
Be very careful to match up the correct code for the device and application. Do not try to program a BASIC
Stamp 2sx with code that ends in a .BS2 extension. Do not try to use the XOR code for the Master and the CRC
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Single and Multiple Heads
OEM Installation Models
with AC, Ironless Core or DC Motor
Shown with the Brushed DC motor
Flowrate per Head:
Suction Head/Vacuum:
Maximum Continuous Pressure Head:
0.1 liters/minute (1.5 GPH)
10 ft. ofWater (Sin. Hg)




KNF's NF series of diaphragm pumps are self-priming, can pump air, gases and liquids and si
multaneously create a vacuum. Their unique, one-piece molded diaphragm is usually found
only in larger, more expensive pumps. All metal wetted-parts are eliminated and end-vacuum
performance is enhanced. A wide choice of wetted materials are available.
They are ideal for use in portable, battery-operated equipment where high performance, low
power consumption, minimal weight and size are important. The NF1 1, similar in construction
to the NF10, is supplied with an ironless core DC motor instead of the standard DC motor, to
provide lower current, lower EMI, and a longer operating life. Brushless DC is available.
Flexible Mounting - KNF's engineers combine high performance with a small physical
package to produce an efficient, compact unit. Optimally placed mounting holes in the
compressor housing permit installation of this pump in any position. KNF's Project Pump
program allows for a variety of inexpensive modifications to match your requirements.
High Chemical Resistance, Contamination-Free - Pumped medium stays analytically
pure. The TTmodel, with its PVDF/FFKM/PTFE wetted parts, is excellent for use as a sam
pling pump in sensitive analyzers where elastomer outgassing may affect results.
Self Priming - These pumps can run dry continuouslywithout damage. They can pump
air/liquid slurries, create wet-vacuum conditions, and transport air or gases.
Low Noise Level - An enclosed compressor housing minimizes noise transmission and
keeps dirt away from critical components.
Multi-Head Models - Used for the simultaneous pumping of different fluids. The NF10
series is available with up to ten pump heads on one DC motor.
Variety ofAccessories - Accessories include diaphragm pressure control valves, check
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Model Number NF10KPE NF10KPDC NF11KPDC
Head Configuration Single Head One to Ten Heads Single Head
Maximum Flow 0.1 lit/min. (1.5 GPH) 0.1 lit/min. (1.5 GPH) 0.1 lit/min. (1.5 GPH)
Maximum Flow (Air) 0.1 lit/min. 0.1 lit/min. 0.1 lit/min.
Maximum Suction Head 10 ft. Hj0/9in.Hg/3mvVg 10ft.H20/9in.Hg/3mWg 10ft.H,0/9in.Hg/3mWg
Max. Cont. Pressure Head 33ft.Ha0/15psig/10mWg 33ft.H20/15psig/10mWg 33ftH,0/15psig/10mWg
Electrical
MotorType Shaded Pole AC Brush-type DC Ironless Core DC
Motor Protection IP00 IPOO IP33
MotorVoltage (frequency) 1 15 VAC (60 Hz) 230 VAC (50 Hz) 6/12/24 6/12/24






410 gr (0.9 lb.)
EN55014
+40C(105F) All models
-10C to +80-C (+14F to +176F) (Models available to 135"C.)
60 gr (0.13 lb.) 70 gr. (0.16 lb.)
EN55022/55011
Materials of Construction
Material Coda Hud Diaphragm Valve* Material Code Head Diaphragm Valve*
NF10KP Polypropylene EPDM EPDM NF10TT PVDF PTFE FFPM
NF10KT Polypropylene PTFE FFPM NF10TV PVDF Viton* Viton-
NF10KV Polypropylene
Viton0 Viton#
Note*: Standard continuous performance ratings are per head and based on technical data and test results of nominal units at sea level withwater at
70"
F (21*C) and nominal electrical
supply are listed above.Dimensions and performance characteristics given are for reference only. Multiple-head models, higher performancemodels, cost efficient OEM modifications.
awidevariety ofmotor options and differentmaterials ofconstruction are available.Viton* is e registered trademark ofOuPont Dow. Specifications subject to changewithout notice.
Accessories: Hose Connectors, Pressure Control Valves, Check Valves, Shock Mounts
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Two Black Forest Road
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Compact 1-amp SPST Reed Relay
(275-0232) Specifications Faxback Doc. # 3
Coil : 5 VDC
Coil Current : 20 mA
Pick up Voltage : (70% max) 3.75 VDC
Drop Out Voltage : (10% min) 0.5 VDC
Max. Voltage : 7.5 VDC
Coil Resistance : 250 Ohms
Temp . Rise : 30 degrees C Max
Operate Time : 1.5 mSec
Release Time : 1.5 mSec
Service Life : 5,000,000 Operations @ 1 A
Contact Rating : 1 Amp
1 Watt
125 VAC








Note that the ULx28xxA series (dual in-line
package) and ULx28xxLW series
(small-
outline IC package) are electrically identical




(x2803x and x2804x) 50 V
(x2823x andx2824x) 95 V
Input Voltage, Vm 30 V
Continuous Output Current, Ic 500 mA
Continuous Input Current, Iin 25 mA
PowerDissipation, Pp
(one Darlington pair) 1.0W
(total package) See Graph
Operating Temperature Range, TA
Prefix
'ULN'





Ts -55C to +150C
HIGH-VOLTAGE,HIGH-CURRENT
DARLINGTONARRAYS
Featuring continuous load current ratings to 500 mA for
each of
the drivers, the Series ULN28xxA/LW and ULQ28xxA/LW
high-
voltage, high-current Darlington arrays are ideally suited for interfac
ing between low-level logic circuitry andmultiple peripheral
power
loads. Typical power loads totaling over 260W (350mA x 8, 95 V)
can be controlled at an appropriate duty cycle depending on ambient
temperature and number ofdrivers turned on simultaneously. Typical
loads include relays, solenoids, steppingmotors, magnetic print
ham
mers, multiplexed LED and incandescent displays, and heaters. All
devices feature open-collector outputs with integral clamp diodes.
The ULx2803A, ULx2803LW, ULx2823A, andULN2823LW
have series input resistors selected for operation directly with 5 V TTL
or CMOS. These devices will handle numerous interface needs
particularly those beyond the capabilities of standard
logic buffers.
The ULx2804A, ULx2804LW, ULx2824A, andULN2824LW
have series input resistors for operation directly from 6 V to 15 V
CMOS or PMOS logic outputs.
The ULx2803A/LW and ULx2804A/LW are the standard
Darlington arrays. The outputs are capable of sinking 500mA and will
withstand at least 50 V in the off state. Outputs may be paralleled for
higher load current capability. The ULx2823A/LW andULx2824A/
LW will withstand 95 V in the off state.
These Darlington arrays are furnished in 1 8-pin dual in-line
plastic packages (suffix
'
A') or 18-lead small-outline plastic packages
(suffix 'LW'). All devices are pinned with outputs opposite inputs to
facilitate ease of circuit board layout. Prefix
'ULN'
devices are rated
for operation over the temperature range of-20C to +85C; prefix
'ULQ'
devices are rated for operation to -40C.
FEATURES
TTL, DTL, PMOS, or CMOS Compatible Inputs
Output Current to 500 mA
Output Voltage to 95 V
Transient-ProtectedOutputs
Dual In-Line Package orWide-Body Small-Outline Package
The ULx2804, ULx2823, & ULx2824 are discontinued.
Shown for reference only.
x
=Character to identify specific device. Characteristic shown applies to family

































DEVICE PART NUMBER DESIGNATION
VCE(MAX) 50 V 95 V















The ULx2804, ULx2823, & ULx2824 are discontinued.
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= Character to identify specific device. Specification shown applies to
family ofdevices with remaining digits as shown. Seematrix above.
115 Northeast Cutoff, Box 15036
Worcester. Massachusetts 01615-0036 (508) 853-5000







Types ULx2803A, ULx2803LW, ULx2804A, and ULx2804LW







Min. Typ. Max. Units
Output Leakage Current 'CEX 1A All VCE = 50 V, TA = 25C < 1 50 uA
VCE = 50 V, TA = 70C < 1 100 uA
1B ULx2804x VCE = 50 V. TA = 70C, V,N = 1 .0 V <5 500 uA
Collector-Emitter
Saturation Voltage
VCE(SAT) 2 All lc
= 100 mA, lB = 250 uA 0.9 1.1 V
lc = 200 mA, lB = 350 uA 1.1 1.3 V
lc = 350 mA, lB = 500 uA 1.3 1.6 V
Input Current 'lN(ON) 3 ULx2803x V,N
= 3.85 V 0.93 1.35 mA
ULx2804x V|N = 5.0 V 0.35 0.5 mA
V|N=12V 1.0 1.45 mA
iNKOFR 4 All lc
= 500 uA TA = 70C 50 65 uA
Input Voltage VIN(ON) 5 ULx2803x VCE
= 2.0 V, lc = 200 mA 2.4 V
VCE = 2.0 V, lc = 250 mA 2.7 V
VCE
= 2.0 V, lc
= 300 mA 3.0 V
ULx2804x VCE = 2.0 V, lc= 125 mA 5.0 V
VCE = 2.0V,lc= 200 mA 6.0 V
VCE = 2.0 V, lc = 275 mA 7.0 V
VCE = 2.0 V,lc= 350 mA 8.0 V
Input Capacitance C|N All 15 25 PF
Turn-On Delay lPLH 8 All 0.5 E,N to 0.5 Equt 0.25 1.0 U.S
Tum-Off Delay *PHL 8 All 0.5 E|N to 0.5 Equt 0.25 1.0 us
Clamp Diode
Leakage Current
Ir 6 All VR
= 50 V, TA = 25C 50 HA
VR = 50 V, TA
= 70"C 100 uA
Clamp Diode
Forward Voltage
vf 7 All lp
= 350 mA 1.7 2.0 V
Complete part number includes prefix to
and a suffix to identify package style: A
operating temperature range: ULN
=
-20C to +85C, ULQ = -40C to +85C
= DIP,LW = SOIC.
The ULx2804 is discontinued.








Types ULx2823A, ULN2823LW, ULx2824A, and ULN2824LW







Min. Typ. Max. Units
Output Leakage Current 'CEX 1A All VCE = 95V,TA=25C <1 50 rlA
VCE = 95 V, TA = 70C <1 100 uA
1B ULx2824x VGe = 95 V, TA = 70C, V)N = 1 .0 V <5 500 UA
Collector-Emitter
SaturationVoltage
VCE(SAT) 2 All lc= 100 mA. lB
= 250uA 0.9 1.1 V
lc = 200 mA, lB = 350 uA 1.1 1-3 V
lc = 350 mA, lB = 500 uA 1.3 1.6 V
Input Current i|N(ON) 3 ULx2823x V,N
= 3.85 V 0.93 1.35 mA
ULx2824x V|N = 5.0V 0.35 0.5 mA
V,N = 12V 1.0 1.45 mA
'lN(OFF) 4 A|l lc = 500 uA, TA = 70C 50 65 uA
Input Voltage V|N(ON) 5 ULx2823x VCE
= 2.0 V, lc = 200 mA 2.4 V
VCE = 2.0 V, lc = 250 mA 2.7 V
VCE = 2.0 V, lc = 300 mA 3.0 V
ULx2824x VCE = 2.0 V, lc= 125 mA 5.0 V
Vce = 2.0 V, lc = 200 mA 6.0 V
VCE = 2.0 V, lc = 275 mA 7.0 V
VCE = 2.0 V,lc= 350 mA 8.0 V
Input Capacitance C|N ; All : 15 25 PF
Turn-On Delay *PLH 8 AH 0.5 E|N to 0.5 Equt 0.25 1.0 US
Turn-Off Delay tpHL 8 All 0.5 Ein to 0-5 Equt '.; 0.25 1Q us
Clamp Diode
Leakage Current *j
R 6 All VR
= 95V,TA = 25C . . 50 uA






Vp "7 All lF
= 350 mA 1.7 2.0 V
Complete part number includes prefix to
and a suffix to identify package style: A
available.
operating temperature range: ULN
=
-20C to +85C, ULQ = -40C to +85C
= DIP, LW = SOIC. Note that the ULQ2823LW andULQ2824LW are not presently
The ULx2823 & ULx2824 are discontinued.
Shown for reference only.
MicrosyMeroOnc.-
115 Northeast Cutoff. Box 15036






































































































































































SIMULTANEOUSLY Ta = +70*C
Rja = 80C/W
20 40 60
DUTY CYCLE IN PER CENT
80 100
0<GIM7M
x = Characters to identify specific device. Specification shown applies to family ofdevices with remaining digits as shown.
8fe_
115 Northeast Cutoff, Box 15036







INPUT CURRENT AS A
FUNCTION OF INPUT VOLTAGE
ULx28x3x































































COLLECTOR CURRENT AS A












INPUT CURRENT IN uA
x
























































NOTES: 1. Exact body and lead configuration at vendor's option within limits shown.
2. Lead spacing tolerance is non-cumulative.
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NOTES: 1. Exact body and lead configuration at vendor's option within
limits shown.
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TO
Mini SSC II Serial Servo Controller
TheMini SSC II is an electronic module that controls eight pulse-proportional ("hobby") servos according
to instructions received serially at 2400 or 9600 baud. TwoMini SSC II units can share the same serial
line to control a total of 16 servos. This addressability is expandable you can order units programmed
with other ranges of servo addresses so that a total of up to 32 Mini SSC lis (controlling up to 255
servos) can share a single serial line.
Table of Contents
Connections and Configuration Jumpers 2
Configuring the Mini SSC II 2
Connecting the Mini SSC II 3
Initial Checkout 5
Programming for the Mini SSC II 5




Scott Edwards Electronics, Inc. is not responsible for any special, incidental, or consequential damages resulting
from any breach ofwarranty, or under any legal theory, including lost profits, downtime, goodwill, damage to or
replacement of equipment or property, and any costs or recovering, reprogramming, or reproducing ofdata
associated with the use of the hardware or software described herein.
Warranty
Scott Edwards Electronics, Inc. warrants this product against defects inmaterials and workmanship for a period
of 90 days. Ifyou discover a defect, we will, at our option, repair, replace, or refund the purchase price. Return
the productwith a description of the problem.Wewill return your product or its replacement via standard shipping.
Expedited shipping is available at the customer's expense.
Note: Physically abusing the module, or attempting to repair ormodify it, voids thiswarranty.
Trademarks and Copyrights
MiniSSC is a trademark ofScott Edwards Electronics, Inc.; BASIC
Stamp*
is a registered trademark ofParallax
Inc. All trademarked names referenced herein are the property of their respective holders. Thismanual in its
entirety is copyright Scott Edwards Electronics, Inc., 1999.
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Connections and Configuration Jumpers










Do not reverse power polarity, even momentarily. Reversed power will destroy the electronics.
Do not exceed 10V into SSC 9V Input. Overvoltage may damage the unit or shorten its life.
The
"phone"
jack is for serial input only. Connecting it to the telephone system will damage the unit
Figure 1. Layout of the Mini SSC II circuit board.
Configuring the Mini SSC II
The Mini SSC II's default configuration (all jumpers removed) is:
2400 baud servos 0 through 7 range of motion
=
90
To change a setting, install ajumper block across the appropriate pair of
header posts
as shown in the drawing at right. Changes take effect the next time
the SSC is powered
Here are more details on the configuration options:




positions are expressed in units from 0 to 254, so each unit corresponds to a
0.36
change in the servo's
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Configuring the Mini SSC II (continued)
Note Regarding Range: Some servos cannot move through a
180
range. They may stall when
positions less than 50 or greater than 200 are used with the Mini SSC II in
180
mode. Always check
out unfamiliar servos before using themwith theMini SSC II in
180
mode.Move the servo a few units
at a time toward the end of travel and see whether it stalls. If it does, either use the servo only in
90
mode, or restrict position values to the safe range.




mode exploits additional range
that is meant as allowance for mechanical and electrical tolerances. In other words, it cheats a little
to allow you to get the most from a given servo. There's nothing wrong with a servo that won't do 180.
(I)dentification:With no jumper at I, servo addresses match the numbers printed next to the servo
headers 0 through 7.With a jumper at I, theMini SSC adds 8 to these addresses, so that the servo
connected to
"0"
is addressed as 8,
"1"
as 9 ... and
"7"
as 15. This allows you to connect twoMini SSC
Us to the same serial port and address each of the servos individually. See Multiple Mini SSCs for
information on controlling more Mini SSC lis from a single serial port.
(B)aud: With nojumper at B, theMini SSC II receives serial data at 2400 baud; with B jumpered the
baud rate is 9600. In either case, the data should be sent as 8 data bits, no parity, 1 (or more) stop
bit(s); abbreviated N81. In addition, the data should be invertedjust the way it comes from a standard
Connecting the Mini SSC II
Servos: The Mini SSC II connector accepts standard three-conductor servo plugs (e.g., Futaba-J
connectors). See figure 1 for the correctway to attach these connectors.
Servo Power: Connect power for the servos (4.8 to 6Vdc) to the red (+) and black (-) wires marked
SVO on theMini SSC II board. Do not reverse + and -, even momentarily. Thiswill damage the
servos. For a power source, use a four-pack of alkaline C or D cells. For an ac power supply, use a
regulated linear (not switching) supply rated for 5Vdc at 1A (or
more). Formore specific power-supply
recommendations, see www.seetron.com/ssc_faq.htm.
Mini SSC II Power: Connect a 9V battery to the battery snap. Ifyou want to use another power
source, cut off the snap and connect 7 to 15Vdc
to the wires, + to red and
- to black. Do not reverse
+ and -, even momentarily. This can damage the electronics. The SSC power input is protected
against accidental 9V battery reversal, but higher input voltages can defeat this protection.
Serial Input: TheMini SSC II requires only two connections to a
computerserial data and signal
ground. There are two places to make these connections: a modular
'phone'
jack and two pairs of pins
marked S(in) on the configuration header. It doesn'tmatterwhich you
usepick the connection that
is most convenient.
With single-board computers like the BASIC Stamp you will probably
use the header pins. Connect the Stamp I/O pin that your program will
use for serial output to S on the Mini SSC II. This will be one ofpins07
on the Stamp I. or pins
P0P7 on the BS2. (Don't use BS2 pin Sout; it's
for communicatingwith your PC during programming.) In
either case,
connect Stamp Ground (Vss) to G.
Note that there are two S pins and two G pins. These make a convenient tie point for connecting
multipleMini SSC lis to the same serial input. SeeMultiple Mini SSCs.
c~* cj..nl<. ClA^>n:^o l^ 1939
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Figure 2. Wiring DB9 serial connector to a modular cable for use with SSC.
Connecting the Mini SSC II (continued)
Figure 2 above shows how towire an SSC cable for usewith the DB9 connector found on PCs and other
computers. Ifyou prefer not to make your own cable, a ready-made one is available from Scott Edwards
Electronics Inc. as part number SSC-CBL (online, www.seetron.com). You may purchase the components
used in this cable from James Electronics (www.jameco.com or 1-800-831-4242). Figure 3 shows how










Figure 3. Solderless SSC cable (equivalent to SSC-CBL).
The DB9-to-modular adapter comes disassembled. To assemble it, push the pin sockets into the numbered
holes in the housing as indicated in the drawing above. Snap the adapter housing together and plug
in themodular cable. Note that you can use most any modular cable intended for connecting a phone
to the wall jack. The only requirement is that the
cable be a four-wire type (with yellow, green, red,
and blackwires all connected). Two-wire cables that comewith cheap telephones have only the red and
black wires, and won't work. You can check by looking through the transparent phone-plug
bodyif
you see fourwires, it's OK.
NEVER connect theMini SSC II to the phone line!
25-pin Serial Ports: These are almost extinct, but ifyour computer has one, just use a commercial
DB25-to-DB9 adapter and one of the cables shown above.
C.aH Cli.,^Jr Cl^*K^r.:^c lr 1939 S.
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When theMini SSC II is first powered up, it will turn on the Sync LED and move all servos to the
centered position (see Theory ofOperation). Once you have connected servos, servo power, andMini
SSC power, the servos will immediately swing to center. If they are already centered, theymay not
move much, but you can confirm proper operation by trying to move a servo with your fingers (gendy).
The servo will resist your efforts to move it. If it doesn't, recheck servo and power connections.
The Green Light: At powerup, the green Sync LED indicates not only that theMini SSC II is receiving
power, but also that its microcontroller is working properly (passed startup initialization). If the green
light comes on, but servos don't appear to be responding correctly, the problem is most likelywith servo
connections, servo power, or serial hookup, notwith theMini SSC II.
Serial Checkout: To verify proper serial hookup, run one of the demonstration programs, a commercial
Mini SSC II software package (see www.seetron.com/ssc.htm for a list), or a serial-test program (such
as Serial Sender, available free from www.seetron.com/dl.shtml). Make sure that the program's baud
rate matches theMini SSC II's setting, and that the I/O pin or comm port selected for serial output is
the one theMini SSC II is connected to.
Programming for the Mini SSC II
To command a servo to a new position requires sending three bytes at the appropriate serial rate (2400
or 9600 baud, depending on the setting of the B jumper; see Configuring theMini SSC II). These bytes
Byte 1 Byte 2 Byte 3
[sync marker (255)] [servo # (0-254) [position (0-254)]
These must be sent as individual byte values, not as text representations of numbers as you might
type at a keyboard. The example programs at the back of this manual show how to convert numbers
to byte values. In PBASIC, you just omit any
text- formatting functions (# for the BS1; DEC, HEX, ?,
etc. for the BS2). In other BASICs, use the CHR$ function to convert numbers to bytes.
The Sync LED on theMini SSC II board can help you debug your serial routines. It lights steadily
when power is first applied to the board and stays on until the first complete three-byte instruction
is received. Thereafter, the LED lights only after a valid sync marker and servo address are received.
It stays on until a position byte is received, then turns off. Ifyour program is sending lots of data to
theMini SSC II, the LED will appear to light steadily, butwill actually be blinking very rapidly.
Windows 95/98/NT programming: A 32-bitWindows DLL is available free from our web site at
www.seetron.com/ssc_anl.htm. Documentation includes a complete description of the DLL, plus program
examples forMicrosoft Visual BASIC 6 and Borland Delphi 5. The DLLmay be used with anyWindows
programming environment that supports
DLLs.
Multiple Mini SSCs
To control two Mini SSC lis, connect them in parallel to the same serial line; seewiring suggestions
on the next page. Set both units for the same baud rate. Install a jumper at the I configuration header
of one; leave this header open on the other. Address the servos
as follows:
Jumper at I? Servo Numbers
no 0-7
yes 8-15
c ^**_J..,-._J cl-*_.:-o |nr 1939 S. Frontage Road,
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Multiple Mini SSCs (continued)
Wiring suggestions formultipleMini SSC lis: Once you have oneMini SSC II connected to a
computer, connecting additional units is easy. Just wire the S and G pins of the firstMini SSC II to
the S and G pins of the second. Do the same for the second and third, third and fourth, and so on. Since
there are two S pins and two G pins on eachMini SSC II, this is simple.
To make these connections without soldering, use Connectamundosjumperwires (CNX-010) from Scott
Edwards Electronics, Inc. These have sockets that fit the pins on theMini SSC II board (or any
0.025"
More than 16 servos: With a jumper installed at I, the Mini SSC II adds 8 to the servo addresses,
so that servo 0's address is 8, servo 1 is 9. ..and servo 7 is 15. Ifyou need to control more than 16 servos,
you may special-orderMini SSC liswith higher address ranges from the manufacturer. For example,
your third and fourth Mini SSC lis would have a base address (the address corresponding to servo 0
with no I jumper) of 16. Part numbers for these specialMini SSC lis is SSC-ASD2-n, where n is the
base servo number. The table below lists the first five part numbers and the range of servo numbers
they cover.







Pulse-proportional servos are designed for use in radio-controlled (R/C) cars, boats and planes. They
provide precise control for steering, throttle, rudder, etc. using a signal that is easy to transmit and
receive. The signal consists of pulses ranging from 1 to 2
milliseconds long, repeated 60 times a second. The servo
positions its output shaft in proportion to thewidth of the
pulse, as shown in Figure 5.
In radio-control applications, a servo needs no more than a
90
range ofmotion, since it is usually driving a crank
mechanism that can't move more than 90. Sowhen you send
pulseswithin the manufacturer-specified range of 1 to 2 ms,
you get a
90
range ofmotion.With nojumper at the (R)ange
header, a position value of 0 corresponds to 1-ms pulses; 254
to 2.016 ms. A 1-unit change in position value produces a
4-
microsecond change in pulse width. Positioning resolution
is 0.36/unit (90/250).
. ,o * L i *i u Figure 5. Servos are controlled by




in order to allow adjustment for component variations,
mounting position, etc. The Mini SSC
II lets you use this
extra range.With ajumper at (R)ange, a position value of 0 corresponds to 0.5-ms pulse; 254 to 2.53
ms. A 1-unit change in position value produces a 8-microsecond change in pulse width. Positioning
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Listing 1. BASIC Stamp I Program Demonstrating the Mini SSC
Program: SCAN.BAS (BS1 servo control demo)
This program demonstrates servo control using the MiniSSC.
It commands servo 0 slowly and smoothly through its full
range of travel. To run this program, leave all configuration
jumpers off the Mini SSC board. Connect:
BS1 Mini SSC Purpose
pinO S(in) pin S Serial signal
Vss S(in) pin G Ground
Plug a servo into Mini SSC output 0 and connect power as described
in the manual. Run this program. The servo will slowly scan back
and forth. Change for/next step values to change servo movement.
SYMBOL svo = 0 ' Use servo 0 .
SYMBOL sync = 255 ' Mini SSC sync byte.
SYMBOL pos = b2 ' Byte variable b2 holds position value.
again:
for pos = 0 to 254 step 1
' Rotate clockwise in 1-unit steps.




for pos = 254 to 0 step -1
' Rotate counter-clock, 1-unit steps.
serout 0, n2400, (sync, svo, pos)




' Do it again.
Listing 2 . BASIC Stamp II Program Demonstrating the Mini SSC
Program: SCAN.BS2 (BS2 servo control demo)
This program demonstrates servo control using the MiniSSC.
It commands servo 0 slowly and smoothly through its full
range of travel. To run this program, install a jumper at
B on the Mini SSC board; leave all other jumpers off.
Connect :
BS2 Mini SSC Purpose
P0 S(in) pin S Serial signal
Vss S(in) pin G Ground
Plug a servo into Mini SSC output 0 and connect power as described
in the manual. Run this program. The servo will slowly scan back
and forth. Try changing the step values in the for/next loops
to see the effect on servo movement.
svo con 0 ' Use servo 0 .
sync con 255
' Mini SSC sync byte.
pos var byte ' Byte variable holds position value.
n96n con $4054
' Baudmode: 9600 baud (BS2-SX, change to $40P0) .
n24n con $418D
' Baudmode: 2400-baud (BS2-SX, change to $43FD) .
(more on next page)
Cr^t d..,-4c. [Lrtmnirc inr 1939 S. Frontage Road.
Suite F. Sierra Vista. AZ 85635 USA
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Section 17
1 BS2 program example, continued.
again:
for pos = 0 to 254 step 1
serout 0, n96n, [sync, svo, pos]
next
for pos = 254 to 0 step 1





Rotate clockwise in 1
Command the mini SSC.
Next position.
Rotate counter-clock,






Listing 3 . QBASIC Program for PCs Demonstrating the Mini SSC
1 Note: This program is written for QBASIC, an old, but still common
1 MS-DOS programming language. For programming under Windows 95 or
1
greater with Visual BASIC see www.seetron.com/ssc_anl.htm .
DEFINT A-Z
Sync. byte = 255
1 The line below assumes that the B jumper is installed for
1 9600-baud operation.
OPEN
"coml:9600,N,8,l,CD0,CS0,DS0,OP0" FOR OUTPUT AS #1
CLS
PRINT " MINI SERIAL SERVO
CONTROLLER"
PRINT : PRINT
PRINT "At the prompt, type the servo number (0 to 7) , a comma,
PRINT "and a position value (0 to
254)."









1 Perform some basic error trapping
IF Servo > 7 THEN Servo = 7
IF Servo < 0 THEN Servo = 0
IF Position > 254 THEN Position = 254
IF Position < 0 THEN Position = 0
PRINT #1, CHR$(Sync. byte) ; CHR$ (Servo) ; CHR$ (Position) ;
GOTO Again
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Appendix E: Wiring Diagrams
Drawing No. Part Name Rev.
WIRING 1 Robot #1 WiringDiagram (Mole-Finding)
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Appendix F; Programming and Logic Flow




























Stop_L = 169 Null value of left servo (stopped position)
Stop_R = 147 Null value of right servo (stopped position)
SpeedyJL = Start_L - 15




********************* ]y|ain Programming *******************************
Move_Track: Move_Track.BS2 activates the left servo to move forward.




SEROUT 0, n96n, [sync, Left,Start_L]
PAUSE 20
SEROUT 0, n96n, [sync,Right,Start_R]
PAUSE 20
HoleJFinder: Hole_Finder.BS2 rotates sensor
array 90+ degrees back & forth.
FOR Pos = 0 TO 254 STEP 1
SEROUT 0,n96n,[sync,array,pos]
PAUSE 5
IF Inl = 1 THEN LED_1
IFIn2 = lTHENLED_2




FOR Pos = 254 TO 0 STEP 10
SEROUT 0,n96n,[sync,array,pos]
IFInl = lTHENLED_l























SEROUT 0, n96n, [sync,Left,Stop_L] Stops left track
SEROUT 0, n96n, [sync,Right,Stop_R] Stops right track
PAUSE 10
Pos2 = Pos - Offset
IF Pos < Offset then Alt_Hole_Found
PAUSE 10
DEBUG "Running Hole_Found Program",cr
DEBUG ?Pos, cr
DEBUG ?Pos2, cr







SEROUT 0, n96n, [sync,Left,Stop_L] Stops left track
SEROUT 0, n96n, [sync,Right,Stop_R] Stops right track
PAUSE 10












IF Out7 = 0 then LED_5
IF Out8 = 0 then LED_6
IF Out5 = 0 then LED_7






















HIGH 9 Turns pin 9 high, thus
sending +5V to Inl on
tranceiver board
debug ?Out9
PAUSE 20000 Pauses to keep pin 9 high










SEROUT 0, n96n, [sync,Left,Speedy_L] Quicklymoves left wheel
away from hole position.
SEROUT 0, n96n, [sync,Right,Speedy_R] Quickly moves right wheel





























LOW 5 Sets sw
Initialization










Null value of array servo (stopped position)
Null value of left servo (stopped position)
Null value of right servo (stopped position)
Value for CCW pan to dispense sealant.
Value for CW pan to dispense sealant.
Value to rotate array backwards after hole has been sealed.
F-6
********************* Main Programming *******************************














IFDistance = 0 then Sonar_Main
DEBUG "Distance = ",dec distance, cr
Motion: Motion.BS2 activates the left servo to move forward.
SEROUT 0, n96n, [sync, Left,Start_L]
PAUSE 20
SEROUT 0, n96n, [sync,Right,Start_R]
PAUSE 20
Test: Test.BS2 checks the sonar distance.
IFDistance = 1 then Stopper
GOTO Sonar_Main





Light_Seeker Light_Seeker.BS2 turns CdS array.




Light3 = (Light + Light2)/2
IF Light = 0 then Light_Seeker
IF Light2 = 0 then Light_Seeker
IF Light2 < 4000 then Rot_Stop
GOTO Light_Seeker
Rot_Stop: Rot_Stop.BS2 stops the array from turning.
PAUSE 1000





HIGH 5 Hell the first robot that it is there next to it. The pin then




SEROUT 0, n96n, [sync,Left,Start_L]
PAUSE 50
SEROUT 0, n96n, [sync,Right,Start_R]
PAUSE 1600
SEROUT 0, n96n, [syncXeft,Stop_L]
PAUSE 50
















IF Counter < 4 then Sealant_Time_2
SEROUT 0,n96n,[sync,Array,Stop_Array]
PAUSE 10
Seal_Counter = Seal_Counter + 1
Counter = 0































Counter = Counter + 1
RETURN
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3. Flow Chart #1 Robot #1




4. Flow Chart #2 Robot #2
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